F. MAP COMPILATION FROM AERIAL PHOTOGRAPHS

By T. P. PeNDpLETON

INTRODUCTION

The value of photographs for map construction was appreciated
immediately after the invention of the camera, and many methods
of utilizing photographs made from ground stations for this pur-
pose have been perfected, but until some time after the development
of the airplane no attempt was made to use aerial photographs in
this way. No effort is made to describe here any of these older
instruments or processes, nor methods of compilation other than
those used by the Geological Survey.

As considerable experimentation on the design of instruments
and the development of a compilation process that will utilize
advantageously aerial photographs for mapping has been carried
on, it seems advisable to describe the instruments and methods now
in use by the Geological Survey, recognizing the fact that they may
soon be supplanted by newer and better ones.

INSTRUMENTS

SINGLE-LENS CAMERA

The single-lens camera most commonly used is shown in Plate 24
in a dummy installation and is often called the “K?” type, the
several models being denoted by numbers as “K-8.” This camera
is entirely automatic and is so designed that the interval between
exposures may be varied from 4 seconds to over 1 minute. It is
equipped with an anastigmat lens having a maximum stop opening
of £/4.5 and a focal length of 12 inches. The shutter is of the
“between the lens” type and gives exposures of 1/50, 1/100, and
1/150 second. Photographs 18 by 24 centimeters are made on roll
film about 75 feet in length, sufficient for about 120 exposures. The
camera is motor driven, power being provided by a storage battery,
and may be loaded during flight, as the magazine with the exposed
film may be removed and another containing unexposed film quickly
substituted.
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The intervalometer controlling the intervals between exposures
having been set to give the desired overlap of photographs, the
motor will trip the shutter, count the exposure, remove the pressure
of the film-pressure plate, wind an unexposed portion of the film
into position, replace the film-pressure plate so that the film is held
in close contact with the glass focal-plane plate, and set the shutter
ready for the next exposure. The camera is suspended in gimbals
that allow it to be rotated about its vertical axis and to be leveled
in the focal plane. A horizontal position of the focal plane is indi-
cated by a circular level attached to the camera.

RECORDING CONE .
2N

The latest model of the single-lens camera is the K-8 type. This
camera is in certain minor details simply an improvement on earlier
models, but the recording cone used with it is unlike anything that
has been introduced heretofore.

The purpose of this recording cone is to register photographically
on the negative, at the moment of exposure, all pertinent data con-
cerning it and thus provide positive identification for each photo-
graph. This is accomplished by photographing on the edge of the
negative a watch face, a circular spot level, an altimeter, a me-
chanical counter, and a card on which any data concerning the flight
may be written. This device is set in a door in the side of the lens

“cone and functions just after the camera exposure has been made
and before the film is wound forward. The photograph of the record-
ing device is easily read, although it occupies a space but 10 by
38 millimeters, and as it appears along one edge of the print it
does not interfere with the usefulness of the print in the least.

MULTIPLE-LENS CAMERA

Multiple-lens cameras of the type so extensively employed at pres-
ent in the photographic mapping of this country have many advan-
tages due to the large area photographed at each exposure. These
advantages are so great that they more than offset the slight indis-
tinctness often encountered at the outer edges of the photographs.
This lack of definition does not result from lack of perfection in the
construction of the camera, but is caused by the distance and angle
at which the objects in this portion of the field are viewed and by
the transformation that these oblique views must undergo in prepar-
ing them for use in mapping. During the last few years there has
been a remarkable improvement in the quality of photographs of
this type and it is not too much to expect that this improvement will
continue until they are entirely satisfactory.
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The multiple-lens cameras are constructed with either three or four
lenses each. The four-lens or T-2 camera is an improvement on the
tri-lens or T-1 and will probably soon supersede it on account of the
increased ease and accuracy of map compilation that it makes
possible.

The four-lens camera consists of four sections, two of which are
film magazines containing the rolls of film and two contain the lenses
and dark chambers of the camera proper. This instrument can be
considered a tri-lens camera to which has been fitted an additional,
detachable lens unit.

The object in designing the multiple-lens camera was to include a
larger field of view at right angles to the direction of flight of the
airplane than is given by any photographic lens of large light-
gathering power. This was accomplished by fixing the central lens
with its axis in the vertical position while the axes of the other two
lenses were in the same plane but at an angle of 35° to the left and
right. The combined field of view in the plane of the lens axes is
115°, which leaves a liberal margin of overlap of fields for matching
the photographic prints. This overlap can be most clearly visualized
by considering the two oblique lenses as located in the same position
as the central lens, as shown in Figure 13, an assumption which is
permissible, as the actual separation is only a few inches. The maxi-
mum angular field of view and the amount of overlap differ slightly
in different cameras, owing to the small differences that exist in the
focal lengths of the lenses selected for each camera.

Front and rear views of the T-2 camera are shown in Plate 25.
In the front view the line of division of the upper and lower portions
of the camera can be easily distinguished. The base contains three
lenses, dark chambers, and focal-plane surfaces. The three lenses
and their corresponding focal planes are distinguished by the letters
A, B, and C. The compartment for the fourth lens is accordingly
called the D compartment. The A, C, and D focal planes make an
angle of 35° with the focal plane of the B compartment. A view of
the focal planes is shown in Plate 26, A. The center (B) com-
partment contains two level vials, so placed that an image of the
bubbles will photograph on the negative when the exposure is made.
The four index marks that appear at the edges of each focal plane
play a very important part in the use of the photographs. The inter-
section of the lines defined by these indexes is the “ principal point ”
of the negative and marks the intersection of the optical axis of
the lens with the focal plane.

Rollers are provided at each end and between the focal planes to
reduce the friction encountered in winding the film into position.
The lenses have a focal length of about 7.5 inches for the A, C, and
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D chambers and are matched at the factory to about 0.10 millimeter
in order to insure equality of focal lengths. This agreement of the
focal lengths of the oblique lenses renders the transformation of the
negatives a relatively simple matter. The B compartment is
equipped with a lens having a focal length of about 6.5 inches, as this
shorter focal length permits the construction of a much smaller
camera than would otherwise be possible. The lenses have a maxi-
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FicUrE 13.—Lateral field of view of T-1 camera

mum stop opening of £/4.5 and are mounted in “between the lens”
shutters. The arrangement of the lenses and the shutter-release
mechanism are shown in Plate 26, B. As it is essential that the
four lenses be exposed at the same instant, provision is made whereby
- the shutters of the oblique lenses can be synchronized with the shutter
of the central lens.

The upper or magazine section of the camera can be detached
from the base by loosening four clamp screws, two of which are
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A SINGLE-LENS CAMERA

Photograph used by permission of Fairchild Aerial Camera Corporation




U. S. GEOLOGICAL SURVEY BULLETIN 788 PLATE 25

B
T-2 CAMERA

A, Rear view; B, front view
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B
T-2 CAMERA

A, Focal planes and dark chambers; B, arrangement of lenses
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THE FIXED T-2 TRANSFORMING PRINTER
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shown in Plate 25, B. The two film-carrying spools are so mounted
that they are on the vertical axis of the camera, with the take-up
spool above the full spool. The film must be wound onto the empty
spool by the hand crank shown in the illustration, as this camera is
not of the automatic type. The film is guided in its journey from
one spool to the other by several guide rollers in the magazines in
addition to those in the base. The proper amount of film to be
wound forward between exposures is indicated by one revolution of
the dial shown above the hand crank in Plate 25, B. The film is
held in the focal plane by three spring pressure plates which are
provided with stops that prevent the pinching of the film between
the focal planes and the pressure plates. The plate back of the B
compartment is removable to facilitate the loading of the camera
in the dark room. Two handholes with light-tight covers are pro-
vided on the sides of the magazine section for the same reason. The
top of the camersa is fitted with two level vials to aid the observer in
keeping the camera in an upright position at each exposure and
with an exposure counter and stop watch for recording the number
and indicating the instant of each exposure. These devices are
actuated by cams and gears on the shaft of the shutter-release
mechanism. '

The D unit of the T-2 camera is attached to the base of the camera
on the side opposite the hand crank, with its optical axis at an angle
of 35° with that of the B chamber. This arrangement places the
focal plane of this unit-at the same angle with the B plane as is
made by the A and C planes and furnishes a photograph of the
region back of the airplane. It is equipped with a lens identical in all
respects with the A and C lenses, but has an independent film cham-
ber and two film spools. The relation of this unit to the rest of the
camera is shown in Plates 25, 4, and 26, B. The shutter is syn-
chronized with and actuated by the same mechanism as the B shut-
ter, and the film is wound into position by the hand crank of the
camera by an arrangement of bevel gears and a universal-joint shaft,
also shown in Plate 25, A.

This camera uses hypersensitized panchromatic film in a roll 6
inches wide by 380 feet long, which is sufficient for 190 tri-lens
exposures, and a shorter roll of the same width for the D unit. As
this film is sensitive to light of all colors, it is necessary to load
the camera in total darkness, and as its keeping quality is not good
it should not be ordered until needed for use. It is kept under
refrigeration at other times.

Color screens are used with this film to eliminate certain undesir-
able light rays and thus increase the ability of the film to record
the details desired. These screens are in the form of thin gelatin
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sheets and are inserted back of the front element of the lens.
Several grades are available for use to compensate various atmos-
pheric conditions.

The camera is provided with a suspension mechanism designed
to reduce vibration and to make possible the leveling and orienta-
tion of the camera to obtain the most advantageous position for
aerial mapping. This is accomplished by hanging the camera in a
gimbal mount, which is equipped with rollers traveling on # circu-
lar track, and providing the entire apparatus with brack ts and
shock-absorbing cushions by which it may be attached to the fuselage
of the airplane. These adjustments are necessary, for it is essential
that the camera be placed in a predetermined position with respect
to ground objects, with the axis of the B lens in an approximately
vertical position. The azimuthal adjustment is important, as it is
generally necessary to rotate the camera a few degrees in order to
compensate for any wind effect on the airplane or to improve the
angles of intersection, so that a more strongly adjusted map may
be produced.

TRANSFORMER

‘The three oblique photographs made by a T-2 camera can not
readily be used in topographic mapping until they have been repro-
jected into the plane of the B photograph. A special apparatus,
which is both a camera and a printer but is usually called a trans-
former, shown in Plate 27, is used for this purpose. The spools on
which the negative film is carried are shown on the end adjacent
to the light source, and on the opposite end of the transformer is
the suction back used to hold the photographic paper in the image
plane of the lens. A motor and vacuum pump provide the neces-
sary suction. The lens used in this transformer is of the wide-
angle type, with a maximum stop opening of £/18 and a focal
length of about 7.5 inches. It is set in the interior of the trans-
former in a partition that divides the negative from the image end.
The angles made by the negative and image planes in this trans-
former are unusual but are fixed by the focal length of the lenses
used in the aerial camera and in the transformer and by the
dihedral angle between the oblique and horizontal focal planes in
the aerial camera. On account of this complex relation it is neces-
sary to construct a transformer for use with each multiple-lens
camera.

STEREOSCOPE

The interpretation of aerial photographs is much easier when
overlapping prints are examined through a stereoscope, for this
~ instrument has the peculiar property of causing the photographic
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image to be seen in three dimensions. The third dimension, that of
relief, is so strongly emphasized that differences of elevation as small
as 50 feet can ordinarily be detected without magnification of the
image, and with a special magnifying stereoscope very small differ-
ences can be seen and measured. The unusually strong stereoscopic
effect obtained when aerial photographs are viewed through a
stereoscope is due to the fact that the distance between the eyes
(the “eye base ”) is increased in effect from a few inches to several
thousand feet, as the observer sees the photographs as the terrain
would appear to one whose eyes were separated by the distance
between the exposure points of the two photographs. The magnifi-
cation of the image by suitable lenses will increase this effect.
Stereoscopes of many different types are constructed, some being
intended for use with glass negatives and transmitted 11ght and others
for use with photographic prints and reflected light. The high-
powered instruments usually have very small fields; those of low
power have larger fields. The Geological Survey has several stereo-
scopes using low magnifications, but by far the most useful is a
simple mirror stereoscope of the Pellin type, which is not equipped
with_lenses for the magnification of the image. The Pellin stereo-
scope has four mirrors adjustably mounted on a bar and suitable
standard in such a manner that by looking downward into two small
mirrors the photographs can be seen by reflection in two larger mir-
rors. It has a large field of view, and the size of the image reaching
either eye can be easily and quickly varied a small amount by a simple
adjustment of the mirrors. The large field permits a better interpre-
tation of the relief than can be obtained if only a small area appears
in the field, and the variable magnification is helpful in the examina-
tion of those T-2 photographs that can not be viewed stereoscopically
" in the outer parts owing to differences in scale introduced by rolling
of the airplane. Two such prints can often be brought to the same
scale and a satlsfactory stereoscopic view obtained by sliding the
large reflecting mirrors along the bar on which they are mounted
until a position is found that permits the merging of the two images.
Several forms of stereoscopic instruments have been designed for
the purpose of making very exact measurements from aerial photo-
graphs that enable the topographer to complete the mapping of an
area without field work other than the usual control surveys. This
interesting phase of the subject of photogrammetery has not yet been
undertaken by the Geological Survey.

PHOTOGRAPHIC OPTICS

An elementary knowledge of the formation of an image by lenses
is essential to a thorough understanding of photographs used in
mapping, and this applies to photographs taken in the air or from
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the ground. A short study of this subject will also explain the
underlying principle of the stadia and of all other devices in which
angular or linear measurements of an image in the plane of the
reticle are made. Neither the use of the panoramic mapping camera
nor the theory of the transformer can be clearly understood with-
out a knowledge of this principle.

OPTICAL DEFINITIONS AND FORMULAS

The optical axis of a lens is the path of a ray that will pass
through the lens without deflection. In a well-centered lens the
axis passes through the centers of curvature of the different lens
surfaces.

If rays from a very distant object (such as the sun) are allowed
to pass through a lens, the image will be formed in a plane called
the secondary focal plane, or image plane. The primary focal plane
can be found by reversing the lens and allowing the image to form
on the opposite side of the lens. The intersections of the axis with
these focal planes are the focal points of the lens and will be referred
to as the principal points.

The two nodal planes are perpendicular to the axis and pass
through the nodal points of the lens, which are designated the nodal
point of incidence and the nodal point of emergence. One of the
most interesting properties of the nodal points is that a ray entering
the lens from any direction toward the nodal point of incidence will
leave the lens parallel to its original direction but as if it had come
from the nodal point of emergence. The location of these points can
be found graphically by extending the incident and refracted ray to
intersection with the optical axis, as shown in Figure 14, in which
the nodal points of incidence and emergence for a double convex
lens are designated by the letters ;V and NV’, respectively. A study of
this figure will show that regardless of the direction from which
the ray approaches the nodal point of incidence it can be considered
as leaving the lens from the other nodal point and parallel to its
original direction. This property is utilized in measuring the focal
length of a lens and in the construction of panoramic cameras, for it
can be seen that a lens can be rotated about an axis passing through
the nodal point of emergence without causing a movement of the
image on a screen. The nodal points may fall outside as well as
inside the lens, their separation and position being fixed by the type
of lens under consideration.

The object and image planes are also perpendicular to the lens
axis and as their names suggest are the planes in which are found
the object and its image, These planes are conjugate and have a
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fixed relation to each other that must be known in order to determine
the scale of the image.

The equivalent focal length of a lens is the distance from the nodal
plane to the image plane. The back focus is the distance between the
rear surface of the lens and the image plane.

The focal length of a lens and the position of its nodal points
can be readily determined on an optlcal bench and should always
be known for all lenses used in mapping cameras. With a knowl-
edge of these constants it is possible to determine the position and
size of an image, either graphically or by computation. The graphic
solution commonly used is as follows: A ray from A (fig. 15) par-
allel to the axis can be considered as passing through the lens as

FIGURE 14.—Nodal points of a double convex lens

far as the nodal plane of emergence and there being refracted so
that it passes in a straight line through the rear focal point. An-
other ray from 4 can be considered to travel straight through the
front focal point as far as the nodal plane of incidence and from this
point be parallel to the axis of the lens. The intersection of these
two rays (a) is the location of the image of point A. In a similar
manner the location of the image of point B can be found. The
path of the actual rays through the lens is quite unlike this,
although the location of the image is accurately given by this graphic
method.

The primary and secondary focal points are shown in the same
figure at F and F’, respectively; the distances from these points
to the object and image planes are denoted by  and 2’ and the
focal length is . The distances z+/f and @’ +f are designated p
and p’, respectively. With this notation it is evident that -

size of ob]ect, (4B)_p—f_ f o
size of image (ab) = f P —f TTTTTTC
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By equating the last terms and simplifying the expression it can
be reduced to the easily remembered relation

1.1 1
VR (2)
A

It is also possible to derive from the figures the relations
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As the scale of a map or aerial photograph is expressed as the
ratio of size of drawing to size of original, equation 3 can be re-
written as .

Where% denotes the scale.

The expression zz’=f? is easily derived from equation 1 and is
the condition that must be fulfilled in order to obtain a sharply
focused image. '

SCALE OF AN AERIAL PHOTOGRAPH

Equation 5 shows that the scale of an aerial photograph can be
found from the ratio of distances to image and object planes when
the measurements are made from the lens or from the ratio of the

[\
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length of a line measured on a photograph to the length of the
corresponding line on the ground. The ideal condition of a hori-
zontal plate and a horizontal ground surface must be assumed.

It is evident that under the conditions in which aerial photo-
graphs are made the distance from the camera lens to the object
plane is the altitude (#) of the camera and corresponds to the dis-
tance p in equation 5 and Figure 15. The substitution of widely
separated values of H (or p) in equation 5 will show that for all
altitudes at which aerial mapping is done p’ is practically equal to
f, the focal length. This equation may therefore be written

showing that the scale can be determined by dividing the focal
length of the lens by the altitude of the camera. It is impossible
to obtain very accurate determinations of the scale of aerial photo-
graphs by this method, however, as the only available knowledge
of the altitude is that given by the altimeter (barometer) carried
in the airplane. The method is readily used for approximate deter-
minations if the camera has 12-inch lenses, for it follows that the
scale is then the reciprocal of the altitude in feet. The most accurate
results are obtained by scaling distances on the photographs and
comparing them with the corresponding distances measured on
the ground or scaled from an accurate map.

A photograph is a perspective representation of the objects ap-
pearing in it, and consequently has no uniform scale throughout
unless the objects photographed are all in one plane that is parallel
to the focal plane of the camera. This condition is so difficult of
accomplishment in an aerial photograph that it is never fulfilled
exactly, although good photographic flying over level areas will
furnish aerial photographs that are nearly uniform throughout in
the matter of scale. Uniformity of scale can not be obtained if
differences of elevation exist within the area photographed, or if
the camera axis is inclined, however slightly, to the vertical, and
consequently the scale quoted for an aerial photograph must be
considered only an approximation. It is evident that the top of
a plateau or mesa will photograph to a larger scale than the val-
ley land at its base, and for the same reason all photographs of
any but very level land can not have a given scale throughout.

This variation in scale and other displacements that exist in
the aerial photographs make it impossible to enlarge or reduce
them successfully to any desired scale.
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SOME DISTORTIONS OF A PHOTOGRAPHIC IMAGE

Two types of aerial photographs are employed for mapping, dif-
fering only in the position of the camera axis at the moment of expo-
sure. Photographs made with the axis within a few degrees of the
vertical are called “ verticals;”’ all others are called “ obliques.” As
the condition of exact verticality of the lens axis is difficult to fulfill,
the term “ verticals ” is now used to designate photographs that are
made with the lens axis in an approximately vertical position. Photo-
graphs obtained while every effort is being made by the pilot and
observer to maintain the camera axis truly vertical are the so-called
“verticals ”’; those made with the axis intentionally inclined are the
“ obliques.”

A truly vertical photograph of a horizontal ground surface—that
is, a photograph taken when the photographic plate is exactly hori-
zontal—is a reduced copy of the original and is, in a sense, a map,
as it is a reduced horizontal projection of the original. If the camera
axis is not exactly vertical or the terrain photographed is not hori-
zontal this condition is not fulfilled, and a photographic image is
obtained that shows the ground features in improper relation. For-
tunately these displacements follow definite mathematical and geo-
metrical rules and can be corrected if the factors causing the dis-
placements are known.

If angles between points on a photographic plate are measured
at its center it can be proved that they equal the corresponding hori-
zontal angles that would be measured by a transit, providing that
the photographic plate was horizontal and vertically above the
transit station when the photograph was made. If 4, B, C, Figure
16, represent three points on a horizontal ground surface subtending
the angles ANB and BNC at the point ¥, which is vertically below
the aerial camera and is therefore called the nadir point, and a, b, ¢,
represent the corresponding images of these points on the horizontal
plate, it is evident that the angles appb and bppc on the plate will
equal the angles ANB and BNC on the ground. This equality of
corresponding angles also exists whatever may be the elevation of
points A, B, and C, for although the points may be displaced on the
plate by their position above or below the datum plane, these dis-
placements are radial and do not affect the size of the subtended
angles. That this is true can be seen by reference to Flgure 17. In
this figure, 4 is the high point, A’ its projected position in the datum
plane, ppN a vertical line passing through the lens and per-
pendicular to both the photographic plate and the datum plane; o’
is the image of point A’ and « the image of point A. The figure
shows that the difference of elevation 44’ causes the image point to
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be displaced on the plate from &’ to @, and as A4 is vertically above
A’, the triangles AOA’ and aOa’ are in a vertical plane which is
perpendicular to the plate and which contains the line ppN. This
being so, @ and & must be on a radial line passing through the plate
center pp, and thus the displacement due to the difference of eleva-

Photographic plate

Camera /ens

Vertical

Nadir point (N) &

FIGURE 16.—Relation of angles on photographic plate to corresponding angles on the
ground

tion can not affect the value of angles measured at the center of the
photograph. The amount of image displacement due to the eleva-
tion of an object can be easily found from Figure 17. Let the angle
AA’A’=a, which is identical in value with the angle ppaO, as they
are alternate angles. The altitude of the camera lens is £, and its
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focal length, ppO, is f. The following equations are easily derived
from this figure:

, .
)

,an_ AA’ sin (90°-a)

argr A O ®

The substitution of the value of A’ A”" given by equation 8 in
equation 7 gives

ad’ _ A4’ sin (90°-a)] )

E sin «

FIGURE 17.—Displacement of photographic image due to relief

The value of o can be computed, for the abscissa app can be
measured on the plate, and the focal length of the camera, f, will
be known.

The amount of image displacement to expect can also be found by
the chart shown as Plate 28. Its use will be apparent by reference
to the key given on the chart itself. '

Any inclination of the camera axis will distort the angles on the
plate and render them useless for all purposes that demand exacti-
tude in this regard. The angles are sufficiently accurate for small-
scale mapping, however, if the tilt of the camera is not more than is
ordinarily encountered in good photographic flying. A skilled
pilot may be expected to keep his airplane within 3° of the horizontal,
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and as long as this angle is not exceeded no difficulty due to erroneous
values of the central angles will be encountered in the use of the
photographs. The effect of a tilt at right angles to the direction of
flight is shown in Figure 18, in which the tilt is assumed as the large
amount of 10° in order to render the effect more apparent. The
lower portion on this figure shows in vertical section that when the
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Ficure 18.—Displacement of photographic image due to tilt

camera axis is tilted images on one side of the plate are enlarged
while those on the other side are correspondingly reduced. The
effect of this distortion of the image is more forcibly indicated by the
horizontal projection in the upper portion of the figure. The shape
of the ground figure is correctly represented by A4’'C’C, in which
the side C’C is equal to A4’. The inclination of the camera dis-
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torts the figure, however, and aa’c’c results, in which the side e’ is
shorter than the side ¢’c, obviously an incorrect representation. The
figure also shows that the tilt of the axis causes the principal point
of the plate to move from PP to pp’ and therefore distorts all
angles measured from this point. This change in the value of the
angles can be seen when the dotted lines radiating from pp’ are
compared with the corresponding solid lines from the point PP.
Fortunately, very small tilts do not affect these angles so much that
their usefulness for small-scale mapping is entirely lost, and con-
sequently any point near the principal point of the photograph may
be selected as the station point for the photograph. Further inspec-
tion of the figure will show that a line across the photograph midway
between PP and pp’ perpendicular to the direction of tilt is the
only line on the inclined photograph that has the same scale as the
horizontal photograph. This line, shown in the figure as S8, is of
very great importance in the transformation of the oblique A, C, and
D photographs of the T-2 camera, for as it is already at the desired
scale the problem becomes one of reducing and enlarging the rest
of the photograph where needed while holding this line unchanged.
On account of this peculiarity the line is often called the “line of
equal scale,” or simply the “scale line,” and its distance from the
principal point is the distance PP-S.

CONTROL FOR MAPS COMPILED FROM AERIAL
. PHOTOGRAPHS

The succesful compilation of maps from aerial photographs is

- largely dependent on the character of the traverse or triangulation
upon which it is based. Both types of control can be used success-
fully. ‘

Transit traverse for the control of aerial photographs does not
differ greatly from that used in the past for the control of topo-
graphic maps, the principal differences being in the character of
the points and the location of the lines. Road corners or intersec-
tions, streams or railway crossings, fence lines beaten out by cattle
or defined by a growth of brush, sharp angles in wood lines, or lone
evergreen trees standing entirely isolated are all easily recoverable
on the photographs. Buildings are in the doubtful class, as they are
not positively identifiable, especially when standing in a group.
Many points commonly used in the past are useless in controlling
photographs. Among these are gates, nails in tree roots, and iron
posts or tablets set in rock. Where tablets or iron posts are located
near road corners or other points that are easily distinguished on
the photographs, these points should be used as reference for the
permanent points. Nothing is superior to a road intersection in
sectionized country.

.
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Single-lens photographs can usually beswell controlled by a transit-
traverse line around and across the center of the quadrangle, but
for multiple-lens photographs the best control is obtained only when
points are so located that they will be found on the center and on
each oblique print both at the beginning and end of each flight, and
this combination is often not attained when the traverse line is run
before the photographs are made. When the flying has been done
well in advance of the time the field work will start it is advisable
to make a sketch, based on the photographs, showing the most
advantageous location of the traverse lines for the guidance of the
control party. This may necessitate placing the line 1 or 2 miles
inside or outside of the edge of the quadrangle, depending on the
location of the photographs, but it will insure a more easily and more
accurately controlled map than would otherwise be obtained.

The control of a quadrangle by graphic plane-table triangulation
has certain advantages to the map compiler working with T-1 or
T-2 photographs and probably is more accurate than control by
transit traverse. This greater accuracy is due to the fact that by
triangulation numerous points can be located within the quadrangle
and used as checks on the compilation and thus prevent the accumu-
lation of errors of position. The plane-table triangulation must be
carefully done, for the control sheet must be able to stand enlarge-
ment to a scale of about 1: 20,000, the scale at which the photographic
compilation is usually made. It is advisable, particularly in wet or
humid climates, to have the control sheets mounted on zinc before
the projection is made, as that assures a sheet free from paper
distortion. _

Flags in trees, water tanks, church steeples and similar points
can not be recovered positively in small-scale photographs and
should be located by reference to something that can be identified.
Sharp-topped hills or peaks can often be distinguished on the photo-
graphs with a stereoscope and successfully used. An accurate sketch
of the fences, roads, and woodland around a located point is more
valuable in identifying the point than any discription can be.

PHOTOGRAPHING A QUADRANGLE
REQUIREMENTS FOR FLYING .

The successful flying over a quadrangle for the purpose of map-
ping calls for rare skill on the part of the pilot and a thorough
knowledge of the use and care of the camera on the part of the
observer, with fine teamwork between the two. For this work a
pilot must have not only ability to fly his airplane but knowledge of
the undesirable effect that certain movements of the airplane have
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upon the photographs and the proper procedure to take to avoid
them. There is nothing more discouraging to one who must compile
the base maps from aerial photographs than the receipt of a ship-
ment of photographs that immediately display the pilot’s unfamiliar-
ity with photographic flying or his carelessness. Inability to keep
the airplane on an even keel, “ banking” on the slight changes in
direction that are made in attempting to keep on a predetermined
course, and continuous changes in altitude are all very clearly
indicated on the photographs and with an exactness far beyond that
of any indicating instruments that may be carried in the airplane.
The speed and accuracy with which a base map may be compiled
being largely influenced by these factors, it is essential that the
pilot should clearly realize their effect and fly his airplane in such
a manner that it will be minimized. An exact knowledge of his
position at all times and ability to recognize landmarks and fly by
them can be acquired by practice and are essential to the
photographic pilot.

Tn sectionized country photographic flying is best done in .the
north or south direction. This is specially important for work done
with the single-lens camera, as the photographs can be worked up
with greater ease and more valuable comparisons can be made with
section-line measurements than is possible when the flights are di-
rected east or west. For flights along stream valleys, where only the
course of the stream is to be mapped, or for flights over country that
has not been sectionized, courses can be chosen that are most conven-
ient to the pilot, and with regard to the layout of control, existing or
proposed, although in flying along a stream the changes in direction
should be made with as little banking of the plane as possible.

The question of the correct exposure to be given to an aerial photo-
graph is fixed not so much by the lighting of the subject as it is by
the exposure necessary to “stop ” the movement of the image on the
film. A photographic airplane flying at 80 miles an hour is moving
at a rate of 117 feet a second. When flying at 12,000 feet with a
camera having a 12-inch lens the image of a given point on the
ground will move a distance of about 0.12 inch on the plate in 1
second. To make a sharp picture it is essential that the shutter
exposure be short enough to prevent any blurring of the image
on account of this movement, and it has been found that +i7 of
a second will easily accomplish this end and will ordinarily prevent
any indistinctness due to vibrations that are transmitted to the camera
through its shock-absorbing suspension. In order that the aerial
photographic work may be carried on at any time during reasonably
clear weather, hypersensitized panchromatic film is used, and the
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‘cameras are equipped with lenses having maximum stop openings of
f/4.5 and light filters of various degrees of absorption. American
aerial cameras are commonly equipped with “between the lens”
shutters, for these, although not so efficient as the focal-plane shutters,
do not cause distortion of the image by their method of operation.
This disadvantage of the focal-plane shutter is more theoretical than
real for small-scale mapping, however, for the flying is done at so
great an altitude that the movement of the image is slow and the
resulting distortion consequently very small.
To compute the altitude at which he should fly in order that the
photographs may be made at a predetermined scale, it is essential
that the pilot should know the general elevation of the country
~ over which the work will be done and the exact focal length of the
camera lens. The fact that a camera has, for example, a 12-inch or
a 6-inch lens is not sufficient to fix more than approximately the
altitude at which the photography should be undertaken. The
exact value of the focal length of every camera lens used for map-
ping should be obtainable by the pilot or observer from the records
of his office. The altitude at which the flying should be done in
order to obtain the desired scale can be determined by the relation

Altitude ={
in which £ is the focal length in feet and 7 the scale expressed as a
fraction.

In hilly country it is impossible to have the photographs at a
constant scale throughout, but by selecting the mean elevation of the
country as a datum plane for determining the scale, the variations
in this respect will be at a minimum.

After the altitude at which the flying should be done has been
determined it is the pilot’s duty to find and maintain this altitude
while the photographs are being made. The accuracy of the altimeter
will determine how nearly the desired: altitude can be approached,
and its readiness in responding quickly to small changes of altitude
will determine how closely the altitude can be maintained. Al-
though every change in level of the airplane is indicated in the
photographs as a change in scale, this difficulty is probably the least
troublesome of all with which the map compiler must contend and
apparently is the feature in which photographic pilots approach
nearest to perfection. The small-scale changes that are always to
be expected in aerial photographs do not increase the difficulty of
compilation or introduce errors of any kind in the resulting map
when T-1 or T-2 photographs are used, for all compilation with these
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photographs is based on the radial-line method, which is independent
of the scale of the prints. Differences in scale on single-lens photo-
- graphs, however, seriously affect the compilation, as there is no
economical way of reducing them to a common datum. It is possible
to eliminate such differences from single-lens photographs having a
scale of 1:10,000, or less, by using the intersection method, pro-
viding that large end and side overlaps were obtained by the pilot
and that numerous well-determined control points exist upon which
to base the compilation. But this is very expensive, and for several
other reasons this method can not economically be used with single-
lens photographs in small-scale map compilation. The area covered
by a single-lens photograph is relatively small (see table on p. 399),
and consequently it is necessary to space the control points closely
in order to get at least three points on each photograph at the be-
ginning of each flight. Where this distribution of points is avail-
able and the overlaps are sufficiently large the graphic control net
can be extended with accuracy for several miles, and this distance
would be greatly increased if it were possible to work from the
negatives and have the advantage of using the proper stereoscopic
instruments. For the sake of accuracy and ease of compilation it is
well to have another line of control across the center of the area to
be mapped that will serve as a check on the accuracy of the graphic
control and as a basis for a new start. On a 15-minute quadrangle
this will call for three lines of control across the area with computed
points at intervals of not more than half a mile and preferably
closer. Another serious difficulty is that of the time demanded to
work up a satisfactory strong control net with the large number of
photographs that must be handled. Still another lies in the skill
needed to maintain accurate orientation of the prints with the short
lines available. This difficulty arises from the fact that the longest
line that can be used for orientation is equal to the semidiagonal of
the photographic print. This distance is about 5 inches, whereas the
centers of adjacent photographs will ordinarily be separated by 3
inches. This gives a ratio of 5 to 3, which is too low to give the
accuracy that can be obtained from tri-lens photographs having a
ratio of 5 to 1.
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Areas covered by aerial-mapping cameras

I

Single-lens camera, 18 by 24 centimeter (7 by 9 _ .
g inches net), 12-inch focus Three-lens camera (T-1), 6.4-inch focus
. Major | Minor Area : Major | Minor Area
Agég‘é)de Scale axis axis | (square A](%gtl)de Scale axis axis (sc&uare
(miles) | (miles) | miles) (miles) | ¢miles) | miles)
9,000 1: 9,000 1.278 0. 994 1.270 7,000 1:13,125 3.977 1.139 5.41
9, 250 1: 9,250 1.314 1.022 1.343 7,250 1:13, 594 4.119 1.180 5.80
9,500 | 1: 9,500 | 1.349 | 1.049 | 1.415 7,500 | 1:14,062 | 4.261 | 1.221 6.21
9, 750 1: 9,750 1.385 1.077 1. 492 7,750 1:14, 531 4. 403 1.261 6.63
10, 000 1:10, 000 1.420 1. 105 1. 569 8, 000 1:15, 000 4. 545 1. 302 7.068
10, 250 1:10, 250 1.456 1.132 1. 648 8,250 1:15,469 4,688 1. 343 7.51
10, 500 1:10, 500 1.491 1. 160 1. 730 8, 500 1:15,937 4. 829 1.383 7.9
10, 750 1:10, 750 1. 527 1.188 1. 814 8, 750 1:16, 406 4. 972 1. 424 8.45 .

11, 000 1:11, 000 1. 562 1.215 1. 898 9, 000 1:16, 875 5. 114 1. 465 8. 64
11, 250 1:11, 250 1. 598 1.243 1. 986 9, 250 1:17,344 5. 256 1. 506 9,44
11, 500 1:11, 500 1. 633 1. 270 2.074 9, 500 1:17, 812 5.398 1. 546 9.96
11,750 1:11,750 1. 669 1.298 2.166 9, 750 1:18, 281 5. 540 1. 587 10. 49
12,000 1:12, 000 1. 705 1. 326 2. 261 10, 000 1:18, 750 5. 682 1. 628 11.06

12, 250 1:12, 250 1.740 1.353 2.354 10, 250 1:19,219 5. 84 1. 668 11.59 _
12, 500 1:12, 500 1.776 1.381 2.453 10, 500 1:19, 687 5. 966 1.709 12.16
12,750 1:12, 750 1.811 1. 409 2. 552 10, 750 1:20, 156 6. 108 1. 750 12.75
, 000 1:13, 000 1. 847 1.436 2. 652 11,000 1:20, 625 6. 250 1. 790 13.35
13, 250 1:13, 250 1. 882 1. 464 2.755 11, 250 1:21,094 6. 392 1.831 13.97
13, 500 1:13, 500 1. 918 1. 491 2. 860 11, 500 1:21, 562 6. 534 1.872 14. 59
13, 750 1:13, 750 1.953 1. 519 2.967 11, 750 1:22, 031 6. 676 1. 912 15.23

14,000 1:14, 000 1. 989 1. 547 3.077 12, 000 1:22, 500 6. 818 1. 953 15.89 .
14, 250 1:14, 250 2. 024 1. 574 3. 186 12, 250 1:22, 969 6. 960 1. 994 16. 56
14, 500 1:14, 500 2.060 1. 602 3. 300 12, 500 1:23,437 7.102 2.034 17.24
14, 750 1:14,750 2.095 1. 630 3.415 12, 750 1:23, 906 7.244 2.075 17.94
15,000 1:15, 000 2.131 1. 657 3. 531 13,000 1:24, 375 7.386 2. 116 18. 65
15,250 1:15, 250 2. 166 1. 685 3. 650 13,250 1:24, 844 7.528 2.157 19.37
15, 500 1:15, 500 2.202 1.712 3.770 3 1:25, 312 7.670 2.197 20.11
15,750 1:15, 750 2,237 1.740 3.892 13, 750 1:25,781 7.812 2.238 20. 86
16, 000 1:16, 000 2.273 1. 768 4.019 14, 000 1:26, 250 7.955 2.279 21. 63
16, 250 1:16, 250 2. 308 1.795 4.143 14, 250 1:26, 719 8.097 2.319 22,41
16, 500 1:16, 500 2. 344 1.823 4.273 14, 500 1:27,187 | 8.239 2. 360 23.20
16, 750 1:16, 750 2.379 1. 850 4.401 14, 750 1:27,656 | 8.381 2.401 24.00
17,000 1:17, 000 2.415 1. 878 4. 535 15,000 1:28,125 8. 523 2.441 24. 83
17,250 1:17,250 2.450 1. 906 4. 670 15, 250 1:28, 594 8. 665 2.482 25. 66
17, 500 1:17, 500 2.486 1.933 4. 805 15, 500 1:29, 062 8.807 2. 523 26. 51
17,750 1:17, 750 2.521 1. 961 4.944 15,750 1:29, 531 8. 949 2. 563 27.37
18,000 1:18, 000 2. 557 1. 989 5.086 16, 000 1:30,000 9.091 2. 604 28.25

CHOICE OF SCALES

The scale that should be chosen depends largely on the use for
which the photographs are intended. The single-lens type of photo-
graph is usually needed in regions where there is a great concentra-
tion of culture, as in cities, and where there is need for extreme
sharpness of image. It has been found that a scale of 1:12,000 is
sufficiently large to show all the detail that can be included on the
map, and on this scale it is possible to cover a sufficient area at
each exposure without flying at extreme altitudes. The multiple-
lens photographs allow a great variation of scale owing to the short
focal length of the lens used with this type of camera. Secales as
small as 1:31,680 cart be obtained with this camera without requir-
ing the pilot to fly at extraordinary heights. A scale as small as
this is advantageous, inasmuch as with it the quadrangle is covered
by fewer photographs and less ground control is needed. Experience
has indicated, however, that larger scales will serve the topographer’s
need better, as it is difficult to distinguish buildings and other small
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objects on a scale of 1:31,680. A scale of 1:20,000 or slightly
smaller seems very satisfactory for the compilation of maps for
publication on a scale of 1: 62,500, as all necessary detail can be dis-
tinguished easily on the photographs, and a 15-minute quadrangle
can still be covered by three flights of the airplane. With this
scale, the sheet on which the base map is drafted is small enough
to be easily handled, but that is hardly true with a scale much
larger.

OVERLAPS AND “ CRABBING ” OF PHOTOGRAPHS

A large overlap of the photographs in the direction of flight is
absolutely essential to map compilation by the radial-line method, for
every point must appear on at least three consecutive prints of a
flight in order to make this method operative. This can be accom-
‘plished only by so timing the exposure that the overlap shall’ never
be less than about 60 per cent. An overlap of less than 50 per cent is
equivalent to a shutter failure so far as the compilation is concerned,
for it halts the progress of the work just as effectively as a missing
photograph. A lateral overlap is also necessary, in order that adja-
cent flights may completely cover the area to be photographed, with-
out leaving a strip of unphotographed country between them. This
lateral overlap should preferably be about 30 per cent, which effec-
tively ties the two flights together and strengthens the entire net of
graphic control. Smaller overlaps than this have the disadvantage
of giving weak ties between the flights and should therefore be
avoided. The size of the angles of intersection between flights can
be somewhat increased by rotating the camera in its mount so that it
makes an angle of 10° to 15° with the direction of flight. This pro-
cedure is particularly valuable with the T-1 type of photograph but
is not so necessary with the T-2 type. Rotation, or “ crabbing” of
the camera, as it is sometimes called, should not be allowed to exceed
15°, however, as a greater angle renders it extremely difficult to con-
trol the photographs by the usual method of running transit control
lines.

LABORATORY WORK

The development and fixing of the exposed negatives need not be
considered here, as the process does not differ greatly from the usual
method of developing panchromatic film or plates and has no bear-
ing on the work of the topographer. The fact that the film is
in rolls ranging in length from 100 to 380 feet makes it necessary
to develop the film by the tank method and is probably the most
unusual feature of this work.
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NUMBERING THE NEGATIVES

The films must be numbered in order to identify the prints and
to show the order in which the exposures were made. If the job
is a large one in which several rolls of film were used the rolls may
be numbered separately, and then the consecutive exposures, beginning
with 1 for each roll, but consecutive numbering throughout a job
is much simpler and more satisfactory to the map compiler. The
film from multiple-lens cameras must be numbered in triplicate or’
auadruplicate, as the A, B, C, and D prints of each exposure must
carry the same number. The numbering is done on the margin
of the film in a space provided for that purpose adjacent to the
shadowgraph showing the camera number. The figures should be
put in with black India ink in order that the numbers may print
sharply. The single-lens photographs can be numbered in any

‘corner, although it is helpful to have the number always appear-

in either the northeast or the northwest corner, as this indicates the
north direction on the print and is thus a great time saver.

TRANSFORMATION OF OBLIQUE NEGATIVES

The transformation of the oblique A, C, and D negatives and the
contact printing of the B negatives is the next step in the preparation
of the photographs and is another photographic process in which
the topographer is only indirectly interested. The transformation
has been so greatly simplified that it is now not much more difficult
than contact printing. The careful registration of the negatives
with certain index marks in the camera is the only step calling for
special care, but this must not be slighted if the A, C, and D prints
are to match the B prints properly. Even a slight inaccuracy in the
adjustment of a negative in the holder will so distort the print that
it will be useless for intersection work.

INDEX MAPS OF AERIAL FLIGHTS

After transforming the negatives the pilot and photographer must
prepare an index sketch, or map, on which is shown the approximate
location of each strip flown, the direction of flight, and the numbers
of the prints at the beginning and end of each strip. This is most
easily done by making the index on the best map available, but if
no map exists a sketch of the quadrangle should be made and the
area covered by each flight indicated. This sketch should give also
the date and hour of the flight, as these data are sometimes needed
in the compilation.
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OFFICE PROCEDURE

The unmounted prints and the index map are then sent to the
compiling office, where they are mounted and indexed preparatory to
the map compilation. The mounting can not be undertaken without
a knowledge of the correct alinement and the proper separation of
the A, B, C, and D prints. The position that the prints must have
in relation to each other when mounted varies slightly for different
cameras but is a fixed relation for any one camera. A drawing show-
ing the proper position of the four indexes of each photograph is
prepared and used as a copy in the preparation of lithographic
prints on heavy paper. The prints are trimmed and “ dry mounted ”
on these sheets, with each axis of the individual photographs super-
imposed on the corresponding axial line on the mount. Oblique
prints that have been correctly transformed and mounted will make
a perfect joining with the image on the B print, and the axes of all
will fall in the proper positions on the mount. The failure of the
assembled composite print to meet these conditions indicates faulty
transformation and can be corrected only by a retransformation. As
the successful use of multiple-lens photographs depends largely on
their mounting, it is important that great care be given to this part of
the work. .

The assembled composite multiple-lens photographs or the single-
- lens prints, as the case may be, are numbered consecutively and then
filed until they are needed for map compilation. The numbers are
entered on cards, which are filed by quadrangles or projects and
which contain all pertinent information regarding the aerial photo-
graphs and the map compilation to be based on them.

COMPILATION OF MAPS FROM AERIAL PHOTOGRAPHS

Aerial photographs can be assembled for use in compiling a map
in various ways. Experience acquired during several years indicates
that it is necessary to select that method of compilation which will
give the most accurate determination of positions for each individual
area. The conditions that largely control this selection are the type
of photograph and the relief of the area to be mapped. The lack
of horizontality of the photographic film at the moment of exposure
affects the usefulness of the photographs sevérely, but as this con-
dition reflects the skill of the pilot and the flying conditions at the
time it can not be accurately determined in advance by the map
compiler. However, when the photographs are known to be badly
distorted by tilt this fact should be kept in mind in selecting the

method of compilation. The methods commonly used by the Geologi-

cal Survey in compiling maps from aerial photographs are referred
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to as the straight-line method, the section-line method, and the radial-
line method. For some uses a picture is more valuable than a map,
and a mosaic should be constructed.

STRAIGHT-LINE METHOD

The straight-line method can be most advantageously used to
assemble aerial photographs of the single-lens type having large
overlaps, in which the distortion of the images due to tilt of the
camera or to relief of the terrain is a minimum. To utilize this
‘method it is well to regard the photographs extending from one
known control point to another control point as portions of a traverse
line. The evenness and regularity with which the photographic work
was accomplished and the amount of ground relief will then deter-
mine whether it is best to use a single straight line throughout for
orientation, or to break the flight up into several smaller sections.
For a country of small surface relief it will generally be possible to
utilize a single straight line for orientation of the photographs.

The principal point of each photograph should be located approxi-
mately by drawing its two diagonals, after which the photographs
should be laid out in regular order on a large table and fitted to-
gether as accurately as possible by photographic images alone. A
straight edge is then placed on the assembled photographic strip and
so adjusted that its edge will pass as closely as possible to the princi-
pal point of each of the photographs, the fact being kept in mind
that a well-selected line should have an equal number of principal
points at equal distances to each side. The line indicated by the
straight edge should be transferred to the end photograph that is
uppermost in the strip of photographs, by carefully drawing a fine
sharp line along the straight edge. This line is drawn on only one
photograph. The photographs are then taken up from the drafting
table in order to extend the straight line onto each photograph in
turn. On the straight line drawn on the first photograph and in the
region overlapped by the second photograph two points as far apart
as possible are selected. These points should be very sharply de-
fined, in order that they can be positively identified on the second
photograph. Through these two points so identified on the second
photograph a fine sharp line is drawn and produced to each side of
the photograph. This process is repeated with the second and third
photographs, and so on until such a line has been drawn on each photo-
graph in the strip. There now appears on each photograph a line
that is identical in azimuth with the lines on all the other photo-
graphs. A straight line is then drawn on any large sheet of paper
as a guide, and the first photograph is placed over it, so oriented that
the line on the photograph will coincide with the line on the paper.
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This photograph should be held in place in any convenient manner,
and the second photograph should be similarly adjusted over the
guide line and slipped along with the same orientation, until any
point on or near this line is exactly above the same point on the first
photograph. The process is repeated with the third and succeeding
photographs. . These photographs are then as accurately joined as is
possible by this method and should be permanently fastened together
in this position. ‘

It is often impossible to utilize a single straight line from be-
ginning to end of a flight on account of the disposition of the pho-
tographs. If the airplane was badly “ crabbed ” with respect to the
line of flight on account of adverse winds, or if the line of flight
was irregular, it will be found impossible to select a single straight
line that will not depart a considerable distance from the line of
principal points. In this event a line should be selected that will
fulfill the desired condition for as large a number of adjacent pho-
tographs as possible, and one or more additional straight lines
should be similarly selected for the remainder of the strip. Usually
two lines will be sufficient to control a strip of the length ordinarily
occurring between fixed control points.

In any event the entire strip of photographs extending between
fixed control points should be laid out and fitted together by photo-
graphic images as described above for orientation by a single
straight line. The directions of the two or more guide lines can then
be determined from inspection of the principal points of the pho-
tographs, and the one or more photographs on which an intersec-
tion of the guide lines should be located can be selected. The guide
lines should then be transferred to the one or more photographs on
which bends in the composite guide line occur, making the intersec-
tions or bends at the principal points of the photographs. Working
in both directions from the photograph on which the first bend.
occurs the guide lines should be transferred to each photograph in
turn as described above for a single guide line. If more than two
guide lines are necessary, the transfer of the second guide line should
be duplicated, working forward from the first bend and backward
from the second, and the best possible adjustment should be made in
the final orientation. The angles between adjacent guide lines are ob-
tained from the photographs on which the bends occur. The first
angle should be reproduced on the guide sheet and the courses care-
fully extended. The photographs are then oriented and adjusted
as described above for a single guide line except that the work is
started at the first bend and carried in both directions. If more
than two guide lines are used, the adjustment of the photographs
along the second course should be carried to the second bend. If
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there is an appreciable difference between the projected guide line
and the one originally drawn at the second bend the photographs
should be readjusted, beginning at the second bend and working
backward until the discrepancy disappears. In any event the ad-
justment of the third course should be commenced at the second bend
and carried forward from the original position and direction of
the plotted guide line.

The best location of the control points with respect to the guide
line and the centers of the photographs will be obtained by inter-
secting the control points from the principal points of the photo-
graphs on which they appear. These intersections are made on the
sheet on which the guide line is drawn. Location of the control
points by this method is particularly important if these points fall
near the edges of the photographs.

The data desired from this strip mosaic, as it is commonly called,
can then be reduced to the scale of the map either by pantograph or
by photography, the amount of reduction being determined by com-
paring the map distance between the control points with the distance
indicated on the photographs. If the reduction is made photo-
graphically, it will be necessary to trace in ink the data desired before
reduction. This process gives a narrow strip map showing an area
extending between known control points on a scale that very closely
approximates the scale of the map that is to be drawn. This strip map
is very much like a road traverse by a topographer who has extended
his sketching out to a distance of three-quarters of a mile to each
side of his plane-table stations, except that no contours are shown.
A number of such interlocking strip maps should be considered,
in adjusting them to the base map, as so many traverse lines, and
they will require the same consideration in adjustment that is given
to plane-table traverse. It will be found, however, that the photo-
graphic strip maps will have very small discrepancies in scale,
probably not over 50 or 100 feet, and they can easily be adjusted
to true distances.

In many areas known control points may not be available for
determining the mean scale of the photographs, or for fixing the
strip in proper position on the compilation sheet. The proper pro-
cedure under such conditions can be determined only after a careful
study of the material and data available. In general, the photo-
graphic strips on which two or more control points occur should
be adjusted first. The photographic strips without control will then
be dependent on these adjusted strips for position and scale. If the
photographs reveal any straight lines, such: as roads, railroads, or
section or fence lines, passing from one adjusted strip to another,
these should be carefully noted, as they are of very great help to
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the map compiler in fixing the scale and orientation of all the map
detail in their vicinity. The intervening strips are compiled by the
usual straight-line method, definite points that exist on both the
controlled and the uncontrolled strips being used as a basis for
determining the scale for the new strip. A single strip can be
added on each side of an adjusted strip in this way, and these
in turn will serve to adjust other strips. All the skill and judg-
ment possessed by the compiler will be called into use to obtain even
a reasonably good adjustment under such conditions, and if the
distance between adjusted strips is more than 3 or 4 miles the
positions shown on the resultant map will not be of great accuracy.
If the area has been covered by the section lines of the public-land
system the problem is simple, as explained below.

The straight-line method will fail absolutely or will result in
a poor orientation of the photographs if a large overlap between
successive photographs is not obtained throughout the flight. The
distances measured along the strip map in the direction of flight
will be fairly accurate if the country being mapped is flat, but they
will not be uniform in scale throughout if it has considerable relief.

SECTION-LINE METHOD

The section-line method will give excellent results with photographs
of either the single-lens or multiple-lens type, if it is possible to re-
construct accurately the net of section lines from the notes of the
original survey, and if these lines or their corners can be identified
on the photographs. Roads or fences known to be on section lines
offer the best means of identification on the photographs. If the
section lines are not marked on the ground so as to show on the
photographs, it will be necessary in advance of the flying to mark
the section corners by large white markers, such as white cloth
banners or whitewash crosses on the ground or white banners in trees.

With a line of transit traverse extending around the quadrangle
and another across the center in an east-west direction it is possible
to reconstruct the land net with the accuracy demanded by the usual
field-map scales, even if the surveyor’s chain used in the original
survey was not true in length. In this case a correction is obtained
for the particular chain used by the surveyor, by comparing true dis-
tances between transit-traverse points with corresponding distances
as measured with the chain. For this comparison it is permissible
to use scaled distances between carefully plotted transit-traverse
points, so that it is possible to make numerous determinations of
this correction, both in north-south and in east-west directions. The
photographs can then be adjusted to the net of section lines, because
known points are available at each section and quarter-section cor-



MAP COMPILATION FROM AERIAL i’HOTOGBAPHS 407

ner, and the desired data can be reduced by the pantograph or by
photography and transferred to this net. This method should al-
ways be used wherever it is possible to obtain a good adjustment
of the public-land net.

It may be found impossible to reconcile the distances given by the
photographs with those of the adjusted land lines. This indicates
that the adjustment is at fault, either locally or as a whole. It is
often possible to obtain a better adjustment by disregarding the notes
of the original survey and reconstructing the net wholly from data
taken from the photngraphs. This method is slow and should be
undertaken only when absolutely necessary, for it calls for a very
close analysis of all the data available to the map compiler. The
errors that were bound to creep into the notes of old surveys, because
the azimuths of the lines were determined by magnetic compass, are
often clearly indicated in aerial photographs by slight bends in the
lines that the surveyor intended to be straight. These slight devia-
tions in azimuth can be detected and measured on the photographs
with a fair degree of accuracy.

In order to reconstruct the net of section lines from the photo-
graphs, it is advisable to lay down the meridional lines first. These
lines are more likely to be straight than east-west lines, and they have
the great advantage that they can be traced between transit-traverse
points on a single set of north-south overlapping photographs. The
overlap is very valuable in detecting bends in the section line that is
being traced. Should a section line be followed in this way and
found to be straight, it can be drawn on the map with confidence, for
1t is manifestly impossible for a topographer working on a field scale
of 1:48,000 to detect deviations that the map compiler can not find
on photographs having a scale of 1:12,000. The section corners can
be tentatively plotted along such lines by applying the accepted cor-
rection to the chained distances as given in the field notes of the
original survey. The photographs should then be carefully exam-
ined in order to find any east-west lines that are straight between
transit-traverse stations. These are more difficult to find than north-
south lines, for in general they are bent, many of them are offset
on the range lines, and they are diflicult to handle because it is
necessary to use photographs from many different flights, between
which there is not usually a large overlap. -

A well-constructed index map is a great help in this work, as it
will show the photographs that are adjacent in a lateral direction
and enable the map compiler to follow rapidly the section line that
he is investigating. As the later overlap is usually very small
it is of no help in detecting bends in a line. Fortunately, such
bends are generally found at section or quarter-section corners,
and a test with a straightedge will determine whether the line is
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straight through such points. Such east-west lines as are found
by this test to be straight throughout are then added to the map,
and their intersections with the straight north-south lines previously
placed on the map are carefully marked as the most probable loca-
tions of these corners. If such located corners do not agree in
position with those obtained by applying a correction to the chained
distances, the latter should be abandoned. The north-south lines
in which bends occur can now be handled more easily. Such lines
should be reconstructed on tracing paper to the map scale, the
angular value of the bends being obtained from the photographs.
These lines when transferred to the map sheet will give other well-
located section corners at points where intersections are obtained
with lines previously fixed in position. The remaining corners can
usually be located by the corrected chained distances, such locations
always being checked by the photographs.

When other methods fail to give satisfactory location of corners
on east-west lines, they may be fairly well located by data obtained
from the photographs, if the line is controlled at both ends by
transit-traverse points. This can be done by reconstructing the line
on tracing paper and adjusting it between the transit-traverse points
on the map. To obtain the most probable azimuth for each section
of the east-west line a tracing is made of the north-south lines that
have previously been fixed in position on the map, and to this as a
base the east-west lines from the photographs are added, the mean
azimuth of each section being used as the best value. These north-
south lines are numbered in order from west to east. The mean
bearing of each east-west line should be used, for it will be found
that the azimuths of such lines, 1 mile in length, are not always
the same when determined from each end. These mean bearings
can be determined graphically, as follows: Place the tracing of the
north-south section lines so that the line passing through the fixed
control point on the west side is superimposed on the corresponding
line on the photograph. Copy the east-west line desired and mark
the point where it cuts the north-south section line No. 2. Adjust
the tracing in such a manner that line No. 2 is superimposed on its
image on the next photograph to the east, and the same east-west
line passes through the primary point on line No. 1. Mark the
point where line- No. 2 is cut by this east-west line. If this point
differs from the position obtained previously, use a point midway
between them as the true position for this corner. Continue the
location of corners across the entire sheet in this manner, until the
transit-traverse point on the east side has been located. The sec-
tion line shown on the tracing can then be transferred to the map.

The adjustment of the details that make up the body of a map
compiled from single-lens photographs is not difficult if the lines

AU
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representing the public-land system have been accurately adjusted.
If the amount of detail to be taken from the photographs is not large,
it will probably be best to pantograph the strip mosaics on tracing
paper and adjust them to the section lines as plotted on the final
map sheet. It has been found that better copy is obtained from the
pantograph if a steel stylus is substituted for the usual pencil re-
producing point. This stylus should have a thin conical point,
slightly rounded on the end so that it will not tear the carbon paper
over which it will work. The tracing paper on which the reproduc-
tion is to be made is fastened to the drawing table in such manner
that it is possible to slide a sheet of carbon paper beneath it. The
carbon surface should be upward, so that the movement of the steel
point over the tracing paper will cause the drawing to be reproduced
on its lower surface. The particular advantage of this method of
operation is that an extremely fine, even line is obtained and that
by using carbon paper of different colors, the drainage, culture, and
woodland features can be shown separately, thus making the draw-
ing more legible. Added advantages are that the steel point rarely
needs sharpening and the drawing may be transferred to the map
sheet readily by rubbing with a burnisher.

It will generally be found that all such pantographed detail
will require some adjustment to fit the control scheme, owing to
the fact that any photograph may not have a constant scale through-
out, as has been explained elsewhere in this chapter. This variation
in scale is due to inclination of the photographic plate at the moment
of exposure and will generally be exhibited as a contraction in size
of image on one side of the line of flight and an enlargement on the
other side.

In mapping areas of great detail it may be advisable to ink on
the face of the photograph the detail that is to be shown on the
map, using a waterproof black ink. The photographic image can
then be bleached out, leaving only the inked lines on a white sur-
face. This line drawing can then be reduced photographically to
the desired map scale and adjusted to the correct position on the
map. '

RADIAL-LINE METHOD

The radial-line method of compiling a map from aerial photo-
graphs is practically restricted to the multiple-lens type of photo-
graph, because the lines available for orientation on single-lens
photographs are not sufficiently long to give the best results. This
objection to the use of single-lens photographs largely disappears
when the map scale is very large or when great difficulty is en-
countered in joining the prints by image points owing to displace-
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ments caused by the relief of the terrain or tilting of the aerial
camera.

On account of the extremely large angle of view utilized in the
multiple-lens camera, slight tilts of the airplane or small differences
of elevation of the ground surface have very pronounced effects on
the photographic image near the outer limits of the angle of view.
With ordinary good flying by the pilot, and only small differences
of elevation on the ground surface, these effects do not greatly in-
crease the difficulty of wutilizing the photographs for small-scale
maps. The comparatively large displacements at the edges of the
multiple-lens photographs are very valuable in indicating the
amount of the displacement due to tilt that exists near the center of
the photograph. In the ordinary single-lens photographs the angle
of view is so small that it may be impossible to determine whether
the photograph is undistorted or not, for the distortions, if present,
are not readily apparent to the eye. In using the multiple-lens pho-
tographs, however, it can be safely assumed that if known parallel
lines or right angles near the edge of the field of view are shown as
such in the photograph, then the image near the center must be free
from distortion caused by tilting of the airplane, and will have a
constant scale throughout.

The principle utilized in the radial-line method of compiling a
map from tri-lens photographs is that if from any unknown point
the two angles to three instrumentally determined points are ob-
served, then it is possible to compute the location of the unknown
point and the azimuth of any or all three of the unknown lines.
This is the three-point problem, familiar to all triangulators. If
the two observed angles are carefully plotted on tracing paper, it is
possible to shift the tracing until the three radial lines pass through
the three corresponding known points, as plotted to scale on the
drawing. The unknown station, which is represented by the point
from which the radial lines diverge, is then located correctly with
regard to the known stations. This graphic method of solving the
three-point problem is known to all topographers and is commonly
called the tracing-paper solution. It has the advantage that all
the known points visible to the topographer can be utilized in solv-
ing the problem. :

The best determinations of position and orientation are obtained
by this method if the angles are large and the distances to known
points are comparatively great. The tri-lens or four-lens type of
photograph is superior to the single-lens type both in size of angle
and in length of line available for orientation, and for this reason the
single-lens type will not be considered in describing this method.

Multiple-lens photographs that will enable the map compiler to
distinguish houses and other fine detail with reasonable certainty
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should have a scale of 1:20,000 or slightly larger. Compiling the
map to approximately the mean scale of the photographs has the
advantage that many of the data desired can be transferred directly
from the photographs to the map with only slight adjustments in
position. However, a map of a 15-minute quadrangle on a scale of
1:20,000 is large and hard to handle, and, if practicable, it should
be compiled in quarter-sheet sections—that is, in 7l4-minute sheets.
The disposition of the control points over the area plays an impor-
tant part in determining the size of the sections to be compiled as
separate units. -

The greatest speed in compilation will be attained in this type
of work by compiling these units on tracing cloth or celluloid sheets.
After determining an appropriate scale for the photographs covering
a quadrangle, a polyconic projection should be made to that scale
on celluloid or tracing cloth and the primary control plotted thereon.
Each control point should then be carefully located and marked on
the photographs by a small dot of red ink. To insure accurate posi-
tions and orientation of the photographs in a strip it is essential
that one of these control points be located well to the outer edge of
each A and C picture and a third point close to the center of the
line of flight. This set of three control points must appear on two
overlapping photographs. Careful inspection of the photographs
should be made to determine where this condition is best fulfilled,
and the compilation should be started at that point, for its accuracy
is largely dependent on the correct disposition of these starting
points. On the first photograph draw a short radial line in black
ink or Chinese white through each control point from either the
principal or the nadir point of that photograph. The principal
point may be defined as the intersection of the optical axis of the
camera lens with the plane of the photographic negative, and the
nadir point as the representation on the negative of the ground
point vertically below the camera at the moment of exposure. As
the separation of the principal and nadir points on any photograph
is due to the inclination of the camera that existed when the photo-
graph was made, it follows that these pomts will coincide whenever
the exposure is made with the lens axis in the vertical position.

In addition to the lines through each control point draw other
short radial lines through other definite points that it is desired to
locate carefully. These tertiary points, if they may be so termed,
should be well distributed over the photograph, always including
some to each side and along the forward edge. One tertiary point
should always be chosen as close as possible to the radial line drawn
in the direction of the center of the next photograph. If possible,

identify on the first photograph the nadir point of the second photo-
58515°—28——27
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graph and draw a radial line through this point. With these radial
lines drawn in ‘ink on the photograph it is ready for use. Place the
tracing cloth on which the control points have been plotted over this
photograph and shift it until each plotted point falls on the corre-
sponding radial line on the photograph. The photograph is then in
correct orientation, and the nadir point or the principal point, as the
case may be, is correctly located. Mark the position of the nadir
point on the tracing with the number of the photograph for identi-
fication. From the point representing the nadir point trace the
radial lines to the tertiary points previously selected on the photo-
graph and to the point representing the nadir point on the next
photograph. This photograph may then be removed from under the
tracing. Prepare the second photograph by drawing short radial
lines from the nadir point or principal point to the control points
previously identified on the first photograph and to all tertiary
points that are to be located, including all the tertiary points that
‘coincide with those selected on the first photograph and any new
ones on the forward edge of the second photograph. Draw also a
‘radial line to the point representing the nadir point of the third
photograph if it can be identified. The second photograph can then
be placed under the tracing and oriented by causing the plotted
control points to fall on the corresponding radial lines, as was done
for the first photograph. This adjustment should be carefully in-
spected to see that the radial line traced from the nadir point of the
first photograph to the point representing the nadir point of the sec-
ond photograph actually falls over the nadir point of the second
photograph. If this condition is satisfied, the photograph is prob-
ably well oriented, and its nadir point can be marked and numbered
on the tracing. The radial lines to the tertiary points should then be
carefully copied on the tracing. It will be found that the radials to
a tertiary point drawn from the nadir points of the first and second
photographs will intersect, but at a point that probably does not
coincide with the image of the point on either photograph. This
intersection, however, should be the true position of the point, regard-
less of any distortions existing in the photographs, if the angles of
intersection are not too acute and the nadir points of the photographs
are exactly known.

The third photograph is handled in the same manner as the first
and second with the exception that the three original control points
will not appear on it. Points located by good intersections must
be used for orientation of this and succeeding photographs, until a
photograph made where the flight again crossed a control line is
reached. Points on this control line are then intersected on the
tracing in the same manner as other tertiary points, and this opera-
tion is a check on the accuracy of the position carried forward by
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the photographs. The closure of this line on fixed points near the
line of flight will probably indicate a small error in distance and
a very small one in azimuth. If this error is very small it can
be neglected in view of the large reduction to which the drawing
is subjected before reaching the topographer, but if it is too 'large
to be neglected the work should be repeated until the closure is
satisfactory. The intersected points falling in the outer portions
of the wing pictures may be expected to be out of position laterally,
owing to the acuteness of the angles of intersection. They serve
to orient the photographs, however, and the location of each is
strong in the general direction of the radial lines, but their pre-
liminary positions must be used with care in the final compilation.

In flying over a quadrangle to obtain multiple-lens photographs
for use in mapping, the pilot will often either purposely or ac-
cidentally overlap one flight a considerable amount on another.
This overlap is of great help to the map compiler, as it strengthens
his work by eliminating the most acute intersections near the outer
ends of the photographs, and moreover, it gives him many common
ties between the two flights which will necessarily bind them to-
gether more rigidly than if the two flights overlapped but a small
amount. Probably the strongest combination is obtained by over-
lapping the flights more than 50 per cent. This will result in a
series of photographs showing on their outer wings about half of
the area photographed on the central part of each photograph in
the adjacent flights. Points along the center of a photographic
flight are more accurately located than points shown elsewhere on
the photographs, and if they appear on the wing pictures of the
adjacent flight they can be used as points of control for that flight.

To make the best use of this method it will be necessary to build up
the tertiary control net from the two or more overlapping flights
simultaneously, assembling three pictures made in the first flight,
then three in the second, three in the third, and so on as far as the
large overlap extends. Intersections from other photographs in these
ﬁwhts can be built up gradually in the same manner, using a few
photographs from each flight at a time. To work most rapidly by
this method and to insure the use of the same points in the overlap-
ping region, it is well to select and mark the points that will be used
before undertaking the work of intersection. If difficulty is experi-
enced in identifying the points readily, they may be numbered. The
nadir point is more accurately located than other points of a photo-
graph; consequently it should be identified on the wing pictures of
the adjacent flights, if possible, and used as a fixed point in the
control net.

The accuracy of acute intersections such as occur on the wing
prints or tri-lens photographs is greatly increased when four-lens
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photographs are used, for these acutely intersecting lines may be
strengthened by an additional line from the D photograph of the
adjacent ﬂlght provided that a normal lateral overlap of flights
has been attained. This strengthens the entire compllatlon so much
that rotation of the camera in its mounting in order to increase the
‘angle of intersection on the wings, the usual practice with a tri-lens
camera, is unnecessary.

. If the scale of the projection has been carefully chosen to fit that
of the photographs, it will be found that the tertiary intersected
points that correspond to points near the center of the photographs
agree very closely, but that those toward the outer edges will diverge.
In flat country this discrepancy will be due to tilt of the airplane at
the moment of exposure and will generally be exhibited as a reduc-
tion in scale on one side of the line of flight and a corresponding
enlargement on the other side; in mountainous country it will be due
to a combination of the displacements caused by tilt and by the relief
of the terrain. The effect of this combination of two distortions of
the image may be puzzling at times, for it is possible for the tilt to
neutralize the effect of the relief on one side of the line of flight while
increasing it on the other side. These two distortions occur in all
aerial photographs, and their relations are so involved that they can
be separated only by reprojecting the negative and eliminating the
effect of the tilt. This procedure requires a knowledge of the eleva-
tion of ground points and special equipment for measuring the coor-
dinates of these points on the negatives, and at present it is not
practicable for small-scale mapping.

It is good practice to select road corners or bends in roads as ter-
tiary points for intersection, as they serve the double purpose of
controlling the map and bulldlng up the road net at the same time.
If the road corners have been or can be located on the tracing by
intersection, it will be an easy matter to build up the entire road net
by simple inspection of the photographs if the roads are straight lines
or by adjusting the intersected points over corresponding points on
the photograph and tracing the roads directly if they are irregular.

After the roads have been satisfactorily located on the tracing it
is well to introduce many of the more important, fence lines. These
also will serve a double purpose, for in addition to being helpful to
the topographer in the field they break the area of the map into small
units that are of great assistance in transferring details from the
photographs to the base tracing. As many fence lines should be
added as will be needed to limit the size of the inclosed parcels to
2 or 8 square inches on the map. Near the outer edges of the photo-
graphs these parcels may well be smaller, as the distortions are
larger in this region and there is consequently more need for ad-
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justment of the details. In sectionized country the correct positions
of the fence lines are easily obtained, as each fence can generally be
located by drawing a single radial line to the point where the fence
intersects a road. As the road has previously been located, a single
line cutting it at a good angle gives the true intersection. In the
Eastern States, where property lines are irregular, it is difficult to
locate the fences correctly, as the relief introduces apparent bends
into them that are hard to distinguish from the real bends. Theo-
retically it is possible to locate these fences correctly by intersecting
points along them at close intervals, but as the fence lines are not
shown on the published map the result is not worth the time in-
volved. Many fences are shown on the photographic base map, as
they furnish some information concerning the country away from
the roads, but it should be recognized that they are not located with
the same care as roads. For this reason the topographer should not
infer that his stadia traverse is in error should he fail to close on a
fence line by a small amount. In wooded country that is being
surveyed by means of a tape and aneroid barometer it is probably
advisable to accept these fence lines as they are shown, for it is
known that no very large errors of position exist in them.

When the area has thus been broken up into small parcels, the
road and fence lines should be inked on the tracing in fairly heavy
black lines. It is advisable to use only a single line for a road, as
better positions can be obtained for houses adjacent to the road by
so doing. The tracing should then be adjusted over the photo-
graphs and the details traced wherever the parcels have the same
size and shape on both tracing and photograph. If the discrepancy
between the tracing and photograph is small the detail on the pho-
tograph can be adjusted to an approximate position without diffi-
culty. If the photograph is badly distorted it may be necessary to
determine additional points on the tracing by intersection, thus
further breaking up the area into parcels small enough to adjust
with reasonable accuracy. As all portions of the area appear on
at least two photographs it will often be found that an area badly
distorted on one photograph is well represented on the adjoining
photograph. In taking detail from the photographs the map com-
piler will find that he can distinguish and show with reasonable
certainty houses, large buildings, minor roads and trails of sufficient
importance to aid the topographer, railways, cemeteries, bridges,
overhead and below-grade crossings, fences, and crop boundaries,
grant lines, section lines and other civil boundaries, woodland areas,
streams and water bodies, such as lakes, ponds, marshes, and small
depressions holding water only during the rainy season. Famili-
arity with aerial photographs enables the compiler to distinguish
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usually between houses, barns, and schoolhouses, and in certain
areas topographic features, such as cut banks and depressions, may
be identified.

After all such detail has been traced it should be inked in black,
using bold lines throughout. No time should be devoted to neat
drafting, as this compilation is intended only as a guide to the
topographer, and accuracy of position is the prime consideration.
The photographic reduction to which this inked copy will be sub-
jected before it reaches the topographer will sharpen it up, and
if made too fine some of the detail might disappear in the process
of reduction. It is generally advisable to give the exact outline
of woodland areas and to indicate by means of the letter W or
by the customary zigzag line that the area is wooded. Where de-

tails have been shown but not positively identified, an interrogation

mark should be added to draw the topographer’s attention to tae
fact that they may need correction. Features that are discernible
but not identifiable should be outlined and questioned in the same
manner.

~ The position of the center of each photograph and its number
should be marked on the tracing in blue ink, which will preserve
it on the original but will not reproduce on the field sheet. The
points of control should be inked in black and marked in a dis-
tinctive manner so that the topographer can recognizé them. The
name of the quadrangle should be inked along the north edge
of the drawing, and the quadrangle name, the file numbers of the
photographs used, the scale of the projection, and the draftsman’s
name should be placed in the margin below the southwest corner.

The drawing is then ready for reproduction, and as it is on a
medium greatly subject to uneven expansion and contraction, the
usual graphic reduction scale should not be used, but the meridional
distance desired in the reduced map should be given to the photog-
rapher. In this way the reduced drawing will be to the desired
scale along the meridians but will probably be off scale a small
amount in the east-west direction, on account of uneven expansion or
contraction of the tracing cloth. This will not affect the accuracy
of the field work and ccan be eliminated in reproducing the map
for publication.

Photolithographic prints in nonphotographic blue are made on
double-mounted paper, and additional prints in black are made on
map paper. The black-line prints are made as office records and
for the convenience of the topographer, as they are more legible
than the blue-line prints. They provide a base on which may be
shown information collected but not placed on the field sheet. Plate
29 shows one of these sheets as it goes to the topographer.
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MOSAICS

For the interpretation of certain features of the terrain photo-
graphs are so much more valuable than maps that it may be
advisable at times to assemble the photographs as a composite
picture, rather than use them for map construction. Such com-
posite pictures are called mosaics. They may be either controlled or
uncontrolled.

Controlled mosaics may be used in map construction under some
conditions, but their usefulness is generally restricted to the com-
mercial field to meet demands for local detail in city planning, lay-
ing out power lines, and other projects of similar nature. For this
reason their construction is described only briefly.

The fact that a mosaic will not be accurate in scale should not
be overlooked. The type of topography, the character of the flying
accomplished by the pilot, and the skill of the mosaic builder all
have their effect on the scale of the compilation.

JFor uses in which accurate scale is not important and the relative
position of local details alone is needed an uncontrolled mosaic may
be used to advantage. In a mosaic of this type the photographs used
in the compilations are tied together only by their images, and con-
sequently any displacement cf the image existing in the photographs,
due either to tilt or to relief, will have its disturbing effect on relative
posttions and scale. The best mosaics of this type will be obtained
where the terrain has but slight relief. Multiple-lens photographs
are not satisfactory for mosaic construction, as even slight tilts
distort the images on the wing pictures severely.

An uncontrolled mosaic may be built around a single photooraph
as a nucleus or it may be built laterally from a single ﬂlght accepted
as a base flight. In building around a single photograph the prints
are fitted together as accurately as possible by matching images, and
when satisfactory junctions have been obtained they should be pasted
down on compo board or some other firm mounting surface. In
pasting the prints to the mounting board overlapping should be
kept at a minimum, as it will increase the thickness of the mosaic
in such portions and consequently increase the difficulty of obtain-
ing an even illumination over the surface when it is copied photo-
graphically. Evenness of illumination is greatly improved by bev-
eling the overlapping edges. Prints that do not match in scale the
one that has been already fixed to the mounting board can be enlarged
or reduced to fit. Such changes in the prints should be avoided if
possible, however, for they can easily be the cause of much trouble
if the photographs are distorted and not merely off scale. Any cor-
rection applied to a print that is off scale but not distorted will
affect the entire print equally; but if an enlargement should be
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applied to a tilted photograph to make its contracted edge join
another print, it will be found that the enlarged edge of the tilted
photograph has been still further enlarged and the error on that side
increased. In regions where the relief is sufficient to distort the
images appreciably the photographs should be taken with very large
overlaps and only the middle portions used in making the mosaic.
This procedure reduces the effect of the distortion but does not elimi-
nate it, and some difficulty is bound to occur in matching the prints.
Moreover, the areas that stand above the accepted datum plane are
bound to have a larger scale than the rest, and nothing that can be
done to the prints will alter that fact.

A mosaic compiled around a single photograph, as just described,
will have as a scale the scale of the nucleus photograph if the match-
ing was well done. Some other scale can be obtained in copying if
the distance between two positively indentifiable points on the mosaic
is known, or it can be obtained in the original mosaic by photo-
graphing the nucleus print to the desired scale, and reducing or
enlarging all other prints sufficiently to match it.

More accurate determinations of position can be obtained in an
uncontrolled mosaic by building laterally from the photographs of a
single flight laid down by the straight-line method of orienting
prints, already described. This procedure gives a more rigid “ back-
bone ”” upon which to adjust the prints than a single print used as a
nucleus.

Controlled mosaics are more accurate in scale and position than
uncontrolled mosaics but are more difficult to construct. Well-run
transit lines furnish satisfactory control when points visible on
the aerial photographs have been located by the traverseman, and
records of local engineering offices can often furnish data of value
for this purpose. Triangulation is probably the least satisfactory
of all forms of control for mosaic construction, as the stations are
usually few and very difficult to identify on the photographs. An
approximate form of control can be obtained by enlargement of
an existing map, although this method has the great disadvantage
that any error in the map will be magnified in bringing it up to the
scale of the mosaic.

If transit traverse is used to furnish control with the usual north-
south direction of flying, it will generally be possible to find a
control point at each end of a flight. The straight-line method
makes possible good orientation of the photographs between these
points, and by plotting the centers of the photograpbs in correct
position with regard to the straight line the photographs are pre-
vented from getting far out of position. The photographs of each
flight that permits it should be tied down in the same manner.
‘Advantage should be taken of any straight lines appearing on the
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strips laid down fitted to control by extending them as far as they
appear on the photographs and holding the mosaic to them. Where
control points are isolated the problem is more difficult, for it is
necessary to build up straight-line control between each isolated
point and the fixed strips already laid down. If the straight-line
method is not used for this purpose, difficulty will always be experi-
enced in obtaining the correct orientation and position for the photo-
graph on which the isolated control point falls. The photographs
of the mosaic that are not on lines connecting control points must
be added by matching prints as in the uncontrolled mosaic.

The mosaic may be used in its original form or may be repro-
duced by photography in single sheets or in sections depending on
its size and upon available photographic equipment. The repro-
duction can be made to any convenient scale.






INDEX

A Page

Abbreviations, list of ... __._.____ 330-331
Accuracy in mapping, adjustment factor in_181-182
consisteney in. __________.______________ 184-185
control factorin. . ___________________..__ 181
date of survey affecting___.__________.___ 186
detail and generalization affecting_ 183-184
errors and omissions affecting......_._. 185-186
feature-identification test for.........._ 182-183
observation and plotting factors in. .. 182
standards for____________._.__.._. ... 181-186
Addresses, changesof___ ... _____________._____ 21
Adjustment, as factor in map accuracy 181-182
of instruments, instructions for_.______ 193-195

of plane-table traverse, completing work

) S 273
212-214
of public-land lines, method of.._____._ 376-378
of tooography, use of celluloid transfers

Administration, field and camp, rules for._.. 10-17

Administrative office work, personnel for.__. 7
Advance sheets, comment from authors and
otherson__.__ ... 318
instruetions for. ... ... 273, 317-318
mailing list for.... ... 318
purpose of. 318
size of edition and reprintsof...___.____. 318
transmission of maps for..-........._.._. 317
Aerial photographic base, inking on. 298
mapping on. ... _oaeoeoo
topographic use of
Aerial photographs, control for.
cultural revision by means of______.___ 264-266
types used in. 265
differences in scale of . .o _____.. 389
finding of scale of ... .. ________ 388-389
index sketch of . ___ 401
map compiled from. . -eeaa 402
mounting and indexing of ________.______ 402
numbering negatives of._____ 401
overlapping required. . _._._..____.____ 400, 413
transformation of oblique negatives of__. 401
Albers projection. See Projections.
Alidade, Burkland, plate showing.___________ 178
Burkland, with Baldwin solar chart, use
[ S 224-225
new style telescopic, adjustment of side
level for__.

sight, use of ______
stadia wires for._________._

useof .. ... 194-195, 196, 210-211
See also Plane-table triangulation,
Resection, and Three-point
method.
useofrulerof_ _ ... ooooooo___ 194

Page:

Altitude for photographic mapping, deter-
mining and maintenance of .____ 397
Aneroid barometer, care of _______.........__ 218
construction of . _________ 215
elevation differences by oo 216
" elevations direct by - ..o oooceoioo 217
field of use of - _... - 214
plate showing._ _ ... 184
reading of __..._ e—ew 218
scale relations of ________________._.______ 215
tests for_ _ .. 215-216
206, 211, 212, 216-219
use of “*T'ycos” typeof . o . _cc___ 217-218
weather effecton. . ______._____________ 218-219
Angles, deflection, method of reading._.___ 100-101.
. deflection, computationof ____________.__ 112-
horizontal, micrometer measurement of.. 57,
62, 210
reading and recording of. . . 62-64

tabulation of . _ _________ . ..... 66
vertical. See Vertical angles.
Annual reports. See Reports.
Annual summary of field 'work, preparation

Appropriation acts, 1889-1927 14
Approval of topographic maps and drawings,

changesafter____.____.._._.._.._. 317,322

instructions for_ ... __________ 313, 316,

317, 335, 336, 338, 340, 344345, 354

Aqueducts, inking of 287

mapping of 234
Areas covered by aerial-mapping cameras,

table showing___________________ 399

Assembly of field sheets, procedure in...._ 272-273,

283, 347, 352

See also Transferring end Pasting.
Assistants, field, employment of ... _______ 10

Authorization for topographic work 1
Authorship, control, marginal credit for ___ 307, 320
topographic, marginal credit for.._.._____. 227,
228, 306, 323, 344, 349
useofdiagramfor____.__________ 227, 306-207, 323
Automobiles, abandonment of . ._____________ 18
accidents with.____________ .. .. ___
care of . oo oooceaon

private, travel in

purchase of . . oo i mcmcemean
State laws concerning_ . ..ooo oo
storage of ._________._
supplies for..._.___
tagsfor______________
Axis, optical, direction of_
Azimuth, computationof _ _____________..__._ 67-69
observations for, making and recording of_ 64-65
onPolaris. - .. . _.c._ 64, 101-105
onthe Sun__ oo 105-110
Azimuth marks, establishment of . ...._____. a5



422 INDEX
B Page | Burkland alidade. See Alidade. Page
. Business and residence blocks. See Blocks.
Baggage, personal, containers for.........._. 17
Baldwin solar chart, description of _____...__ 219 C
m§truct}ons foruse of ..______ - 219-22§ Camera, multiple-lens, assembling of aerial
orientation Y- - ceeoeomoo 223-225 photographs taken with_______ 406416
Plate Showing- - oo 218 multiple-lens, description of-_ __ . 380-384
Banks, river, inking of. - 202 field of view Of .. _._____ 381
river, Mapping of oo eeeoeeee 243 plates showing. ____.___ 382
‘Barometer. See Anerdid barometer. scales obtainable with___.___.._____. 399
‘Base, aerial photographic. See Aerial photo- single-lens, assembling of aerial photo-
graphic base. graphs taken with_ ___ 403409
Beads, glass, USe Of - - oo aceecaeae 281 description of ... __._._
‘Beaman stadia are, plate showing.____ . 194 plate showing. . _._.___________
USE OF - e e e e e 207-210 where advantageous._ .. ...._.._..__

See also Stadia traverse.
Bench marks, construction of__ - 94-95, 120-121
level, description of ... 125-126
distribution and locating of_._..______ 119
establishing of, after level lineisrun.. 121
in cultural revision, addition of_... 262-263
inking of . . 290,301, 331

mapping of .__ - 240
not found, reporting of. ... ._.a-.. 241
on Federal buildings_.____.__._._..._. 120
painted..._______..._ 121-122
plate showing.__ - 52

setting of ... - 120-121
stamping of .. __.__.____ oo 122-123
supplementary, placing of ...._. .- 123
traverse marks should be on suitable
sites for____. et cmmeeaec————— 96
tying new level lines to_...o.___..___ 118
vertical-angle, inking of .___
mapping of.
“Bills, payment of o meicaaen 21
Biological Survey, use of data from. 178, 327
Bird preserves, Federal, data for______.__._____ 327
Birdseye, C. H., preface by - ... v
Blocks, business and residence, inking of. 285
business and residence, mapping of ... ... 231
house, inking of______ . ________._._ 285
mapping of ... 231
‘Board of Surveys and Maps, reference to__.. 178,
280, 360, 362
Border corrections, preparation and inking
[¢) SR, 302-303, 324, 341, 342
PUrPOSe Of - - e 178, 302

See also Map borders.
Boundaries, civil, inking of.___ 288, 325-326, 327-328

civil, legal status of.. _-. 236,325-326
mapping of .. .._..._ 95, 236, 325-326
monuments on, inking of - - .. _o_cea 288
mapping of .. _....___ ece—m—ea 95, 237

surveys of, National, State, park, forest,
e oo 178

See also Counties and States.

Breakwaters, inking of ... ... .. 287-288
mapping of .. ooooooooooo 235
Breed and Hosmer, reference to 204
Bridges, inking of - memee 286
mapping of . _.__._..._ - 232-233
‘Bubbles, settingof . __._..______ .- 54,901,191
‘Buildings, in general, inking of . . ..o cooeaoooo 285
in general, mapping of .. ___._______.__. 231
Bumstead projection plate, plate showing.. 178
use of ... 167, 175-176
‘Bureau of Reclamation, use of data from.__. 178
Bureau of Soils, use of data from_______._._._. 178

tilt of .. ---- 392-394
tri-lens, disuse of - - .. _.__ 381
Camp administration, rules for________.___.__ 14-17
Canals and locks, inking of ... ___________ 287
mapping of . 233-234
Cartography, section of, work on general
maps by . 359-366
Celluloid transfers, use of...__.__._._.___._. 282
Cemeteries, inking of .____..._____ . 288

mapping of e 235
Census reports, use of data from.. 179, 237-238, 326
Checking, cultural. revision sheets, instruc-

tions for_ . .l oo _ooo__.. 313
river survey maps, instructions for..__. 353-354
topographic map, attention to questions
raised in .. 31
avoidance of duplication in_._ 310~-311
definition of .. __________ 273,310
instructions for. .. __....____._. 273, 310-313
need for__ oL 310
printed form for _ 311-312
suggestions for__ ... __ 312-313
use of term to replace the term “proof
reading™ . _ .. 273
woodland sheet, instructionsfor_._._._._.__ 313
Chief topographic engineer, annual report to
director, preparationof.________. 277
approval of annual engraving docket by. 321
approval of quadrangle names by...__._. 304
monthly report to director, preparationof 277
submission of map comment to__.__...__. 318
Churches, inking of . - _________._____.____.__ 285

mapping of .. 232
City boundaries, incorporated lists for._.. 179, 326
Civil boundaries. See Boundaries.

Cliffs, contouring of._ _ . ______________.__.. 251-252
inking of . 205-296

Closures, leveling, correction of discrepancies
B3« 127-128
115

Coast and Geodetic Survey, field use of charts
Of - e el 242
office use of charts of__.__._______..._____ 291
use of data from._.____________ 163, 166, 167-170,
178, 204-205, 242, 291, 299, 320, 361, 362

Coast QGuard stations. See Life-saving

stations.

Cokeovens, inkingof - . cacoeoee 288
mapping of .. aoo.. -~ 236
Collimation, alidade adjustment for_._._._._. 194
Color screens, Use Of . oo coemamcmaeaan 383-384
Colors, standard, use of___._.._.__._. 165,
279-280, 281, 284, 2901, 294

water, mixing of oo ooeocoamaaaaes 279, 281




’ INDEX

Compass, box, adjustment of.
box, plate showing.____.

useof .. ___..__..._
Compensation for injuries, right to__________ 11
Compilation. See Map compilation.
Computers, suggestions to___.___.__________ 86-87
Contouring, by different persons, comparisons
between. ..o oooooooo 252, 253
by different persons, inking of .__._.__.__ 298
depressions in, inking of . ._________ 287, 296, 297

mappingof . _________________ 234, 251, 252

distances from which done___..__________ 249
expression in, examples of differences in_. 252~
253

inking differences in__....___.__.____ 298

in form lines, field use of _______ .. ______ 249
methods of, from radial rods. 247

from station.___.._.__

from traverse lines..

in general ________
physiographic aid in____________.__._._..__
railroad grades in.. .. _._.____.__.__.._
skeleton outlines used in.

topographic expression in
two intervals in, inking of -

Contour interval, marginal statement of.__.._ 306,
) 323, 350

relation of, toscale.______.___________.__ 165
standard sizes of ... ______.__. 165
Contour lines, advantages of_ 164
alinement in, inking of_____.____________ 298
mapping of oo 253
definition of. 164-165, 254
disagreeing with elevation, license in._. 253, 297
drafting of, inink_.________ 277-278, 280, 294-295

Control, authorship of, marginal credit for... 307
checking and inspection of.__...__..__. 312,316
culturea djacent to, plotting of ._______. 241, 290

examination of, on topographic maps, in-
structions for._._._.__._...

seope of .- oo . _..
-factor of, in map accuracy.
for photographicmapping, twotypes of. 394-395
horizontal, plotting of. ... 177-178, 182, 241, 290
useof._._. 177-178, 180, 181, 195-196, 240-241,
262-263, 269, 290, 301, 312, 319-320, 350
inking of. See Inking, of cultural fea-
tures.
need for and amount of ... ___.__._..___ 4748
of maps, methods of obtaining._..__.___
‘requisition for data for__________.____.___
vertical, distribution of._______
use of ____ 177, 180, 181, 195-196, 200, 240-241,
262-263, 269, 290, 301, 312, 316, 319-320
Conventional signs. See Standard symbols.

423

Page
Convergence of meridians, computation of_. 112
latitude and scale-plotting limits of ..__ 176-177

neat lines of . .o ciaeicaao- 177
Cooperation, with other branches and bu-

TEAUS - o oo eeeecceceeeeee 27, 29-30

with States, benefits of .. .____...._._ 30-31, 34
division of expense in-_........_.... 31
enactments by States to provide for. 32-34

funds expended in_._________.______. 36
methods of Federal Survey togovern. 31

must be requested by State__.__.___._. 32

States that have taken part in______ 30,35

Cooperative headings, arrangement of, for

topographic map, requirements for-... 341, 342

Cost, record Of oo ecimnaas 22
Counties, boundaries of, inking of_ - 288,326
boundaries of, mapping of - - ..___..__._ 236, 326
subdivisions of, inking of .. __.____.___. 288,326
mapping of..._____ . 237

policy in showing._.___.._._.._._. 237

State lists of ..o oo.. 237-238, 326
“Crabbing’’ of aerial photographs, limit of.. 400

Credit, authorship, marginal statements
{03 SN 306, 307
outside data, instructions for......_... 307,344

Cross wires, adjustment of .o ... 58-59
mounting of .. __________.__ 54-55, 91-92, 192, 193
See also Stadia wires.

Crosses, location, inking of .« o <o oceeccoanann 290

Cultural features, definition of... —— 228
inking of ... - - 284-290
listof._________.. - 229
mapping of .. eeai. 229-242
See also particular features.

Cultural revision. See Revision, of topo-

graphic maps.

Cuts and fills, contouring of._ _._.._... ——veee 251
inking of . o eaeen [ 287
mapping of. 234

D
D unit of multiple-lens camera, attachment
and mechanism of_._..______.___ 383

Dams, inking of.- - 287
mapping of . - 234

Dam-site maps, cross sections for..... cavamen 352
inking of. 351-353
lettering of ... 352-353
surveys for.. 269-270
See also River-survey maps and River

surveys.

Date, of printing . oo . 308, 349
of survey, and features mapped, policy

regarding___ . _.__o.____ 186

marginal statement of . ___._._. 227,307, 349
Datum, horizontal, joining lines for differ-

encesinm.__ . ... 228, 307, 342

horizontal, marginal statements of ______ 228,

269, 306, 307, 319, 323, 350

North American, reference to...... 307, 323, 343

use Of e meecemeaae 48

vertical, statements of ...._.... 269, 306, 319, 350



424 INDEX
Page : Page
Declination, magnetie, determination of__. 199,320 | Editing, topographic map, list of detailsof._._ 322
magnetic, marginal diagram of________.__ 308 topograpic map, plate changes after _____ 322
readings for. . cmacomceeaooo 110 questions raised in.._______....___ 321-322
Deficiency appropriations. ._... e 4 scope of .____._._. . 322-334
Depressions, artificial, inking of ——— 287 work sheet for.. --. 322-323
artificial, mapping of . ___._._. e 234 United States map, instructions for__.. 358-359
" contours showing, engraving of_._____... 329 | Edition and reprint dates, marginal state-
inking of - <o 287, 296 ment of__ .. 308
mapping of. 251 | Editions, map, sizes of 339
‘Detail and generalization, definition of.___ 183-184 | Electric railroads. See Railroads.
inspection of ... ___..____ Elevations, determinations of. Sce Control,
relation of, to map accuracy Plane-table traverse, Plane-table
t0 mMAap expression. ... .ooooo____ triangulation, and Vertical angles.
183-184, 252-253, 274, 278, 298, 316 field tracings of, required . .__...._..... 241-242
Displacement chart, plate showing_______.__ 390 figures for, engraved positions of_.._..... 331
‘Distances, computation of . __ . _._.____...___ 82-83 selection of, for engraving..._..___.__ 331
ground measurements of_._ 205, 207, 210, 211-212 painted marks for._.._____... - 121122
map measurements of___.__ emmeeenaoal 200 useful ._.________ - 123124
stadia measurements of, limits of_. ___.._. 207 descriptions of.____._ - 125-126
Ditches, arroyos, etc., contouring of__ .- 251 inking of figures for______ .. __._... 290, 316
inking of . ___ - 27 mapping of .. eceeens 241
mapping of .o iiea 233 | Employment of temporary assistants, rules
Division Engineer, approval of map draw- [0 S 10
Ings By oo 817 | Ending field season, reminders for_. 271-272, 274-275
designation of engraving priority by_... 321 | Ending office season, reminders for_._____... 179
field reports t0- ..o 220 | Engraving, copy needed for, character of..__. 189
inspection reports to... ... .. 190, 277-278
letters of instruetion from. docket for, preparation of. _............ 321,335
marginal use of name of__. International map of the world, specifica-
recommendation regarding contour inter- 1008 fOT - - - o - oo 360
valto...... oeoommmmmeeeee 245-246 legibility of reproduction by.. - 189
report on border joining to 227-228 topographic map, authority for 321, 335
report on need for revision readjustment Process Of .- - 274, 336, 337
) 0o -eomeeee 262 proof reading of...._ooooneemno. 274, 337-339
Dockets. See Editing and Engraving. transmission for. - - - - o ooooooooon
Docks, inking of. .o ooooooooooian 287-288 | pptertainment of visitors, caution on
mApDPIng Of . oece oo 25 | Entrance to the topographic branch, method
Drainage, contour control afforded by lines Y 8
O e 245, 247, 248,253 | g asures, method of making. .- oo coooooo-. 282
field classification of. 244 | prrors in mapping, causes of... 185-186
office classification of 292 | Exposure for photographic mapping, length of 396
__ Seealso Streams. Express shipments, field to office, forwarding
Drainage features, definition of..________.___ 242 [ 271-272
inking of
st of - e eceeaeaa F,
s 242245 | Pederal buildings, bench marks on.......... 120
ee also particular features. . “
. d Ferries, inking of - . emaaeaaa
Drawbridges. See Bridges. N
AT mapping of _.______.__
Dumps, mine, inking of . .o oaoo. 287 Field instructi d
mine, MAPPING Of - - - o oo 234 fe instructions, sundry .
Field party, personnel of . . . occucacaaanos
E Field reports. See Reports.
Editing, cultural revision, instructions Field sheets and material, filing of___._ 179, 274-275
(0 VR S 335-336 | Field and camp administration, rules for_... 10-17
illustrations for reports, scope of________. 357 reports required on_______.__._.__.____.._. 19-20
index circular. See Index circulars. Field of view of multiple-lens camera, width
reprint, instructions for__.__.__._______ 341-345 [0} SN
river survey map, instructions for.____ 354-355 { Figures, bench-mark, hand style of__.
State map, instructions for_.___.____._ 357-358 bench-mark, position of ._.__..__.
topographic map, approval of, and trans- contour, position of ... caeeao_..
mission for engraving__._________ 335 elevation, position of ... _...o.__..
character of. 273-274, 320-322 engra ved, position of. .

dockets for. . . . 321, 335
engraving instructions o - 334
filing of notes of . . . . oo o______ 334
instruetions for__..____._.____ 273-274, 320-335

letters of inquiry needed in.____.__ 334, 344

selection of .. _..___
style of ...

section number, style of- - -
Filing, field sheets and material....... 179, 274-275




INDEX

Page

Filing, map material received from the field,

275
234
400
383,396
383
395-397
212-214
USe Of . o e ememmmamaeas 212
Fords, inking of. 287
mapping of. 233
Forest fires, putting out or reporting___...... 26
TForest Service, use of data from.____.._____ 178,327
Found land corners. See Public-land corners.
Furnaces, inking of .. oo ooo... 288
mapping of oo dcmaeeas 235
G
‘Game preserves, Federal, data for_._.____.__. 327
Generalization. See Detail and generaliza-
tion.
General Land Office, deseription of public-
land surveys by 368, 376
use of data from._ ... __ . ___.______.__ 178,

179, 180, 238, 239, 269, 289, 327, 343, 361, 368-376
See also Public-land lines and Public-land

surveys.
General maps, definition of_.._.___..______.. 359
work of section of cartography on__.___.. 359
See also International map of the world,
Map compilation, Shaded relief
maps, State maps, and United
States maps.
Qeodetic coordinates, computation of._._._._ 83-85
QGeographic Board, United States, decisions
[+ ) 326, 342

United States, functions of._ .. 226, 326-327, 328
Geographic maps. See General maps.

Geologic branch, special prints for_.___ 339-340, 341
Glaciers, inking of ... .. ______.____. 294
mapping of.______._ 245
@Grid. See Rectangular grid.
Ground elevations, marking of ... _..___..... 124
H

Hachures, inking of. .
useof ... ...

Horizontal control. See Control.
Horizontal datum, joining lines for differences

¢ SN 307

Houses, blocks of, mapping of___ 231
inking of . oo . 285
mapping of . .- 21

See also Blocks and Buildings.
Hydrographic Office, Navy, use of data from. 178

I

Identification, of field sheets, data for._..... 228
of topographic features, tests for..._... 182-183
Tlustrations, topographic editing of ... _.____ 357

Image, photographic, determination of posi-
tion and size of .. _________.._._. 387-388
Image displacement, correctionof, .._.__.._ 380-394
chart for__ el 390

425

Page
Incorporated places, use of census lists of__ 179, 326
Index circulars, State, character of.

355

State, editing of.

preparation of reprint copy of . .- 356

printing of .. .._

See also Progress book.

Indian Office. See Office of Indian Affairs.

Indian reservations, boundaries, inking, map-

ping, and maps of._._. 178, 236, 288, 327

Information tracing, data to be shownon.... 228
Injuries, compensation for._________.________ 11-12
Ink, nonwaterproof black, restricted use of.. 281
red, use of ... 235, 279, 287, 288, 289, 345
specifications for__._ ... ... __.___ 279
Inking, acquaintance with field instructions
needed for_ .. ... 277
adjustments necessary preliminary to....  212-
214, 272
assembling necessary preliminary to__... 272

character of.
colors used in. . 279-280
consultation with section of inspection and

editingin. ... ... ... 278
erasure of ... . ... 282
field, authority necessary for.. 229
general instructions for_ ... __.__.._..... 190,
273, 277-282, 284298, 301-302, 345-353
legibility of ... 190
of certain maps twice, need for_.._.___. 278-279
of contours. See Contour lines and Con-
touring.
of cultural features, instructions for_... 284-200
of drainage features, instructions for..... 291
of map features, sequence of.__._._. 280, 204-295
of overedge topography, instructions for . 280
of relief features, instructions for___.___ 204-298
of river survey maps. See River-survey
maps.
precautions before beginning. . ......___. 280
standard symbols used in__. - 280-281, 316
plates showing . .. _..____ 282
suggestions for... ... 281-282
Inspection, questions raised by, atten-
[10] 10 R 315
river survey map, instructions for...._. 354
submission of maps for- ... _.___.._. 313
topographic map, definition of . __.______ 314
instructions for 273, 313-316
need of ... 314-315
scope of 315-316
See also Checking and Editing.
Inspection and editing, section of, consulta-
tion with_ ... 278
Instructions, field, letterof ... ..______. 165
Instruments, adjustment of.....____________ 5660,
90-93, 137-140, 193-195
care of ... ....o.._ --- 54-56,128-130, 191-193
cleaning of .. __.._.._. 192
minor repsirsof_._._. 130
packing and shippingof.___._.___.._ 55-56, 193
protection of . eeeaeae

requisitions for
topographic mapping, descriptions of.. 196-197

plates showing. .. ___._.....C 178,194
See also particular instruments.
Insurance, field, association for_____....__..._ 10-11

Interest of employees in lands or mines pro-
hibited. ..o ieeiean 7



426 INDEX
Intermittent streams. See Streams. Fage Level, €are of ool 128-129 135_&1%3
International map of the world, characterof__ 359 circular, adjustment for..._..__________ ’__ 104
compilation of ... 360 plumbing, useand care of ._______.______ 133
projection for- ..o 360 prism, adjustment of
reproduction of . ______ . ocauaooen 360 13 LX) A 149-150
See also General maps. length of sights with_.__...__________ 146
Interval. See Contour interval ___.._..___. striding, adjustment for_ ________________ 194
Islands, inking of oo ocaoo.. Level bench marks. See Bench marks and
mapping of - . eeeeeaaannn - Control.
7 Level circuits, computation and adjustment
o . . 155-16
Jetties, inking of - 287-288 | 1 qvel lines, location of....._....... - ng
MADPING Of oo oo oo 25 tying of, to established bench marks._.__ 118
Johnson tripod. See Tripods. Leveling, first order or precise, limits of error
1 SN £ |
Lakes, intermittent and dry, inking of-.__..- 202 ﬁrSt'ordgeft%rfememnmngand ad_’f‘_gtws 156
intermittent and dry, mapping of. 245 " grades of work in o 130a31
natural and artificial, inking of..—...... 292 instruments used in, plate showing._ ... 128
MAPDING Of oo oooooeoe oo 243 marks for, plate Showing.__.._........_. 52
Lambert projection. See Projections. second-order, character, accuracy, and
Land classification, mapping of data for... 258-261 procedure of oo 151-152, 156
sheets for, office preparation of ... 310 ’ limits of ercor i oooeoeoooo_.o 130-131
transmission of 319 PUTDOSE Of - o - oo 150-151
Land corners. See Public-land corners. recording of notes and descriptions
Lang grants. See Public-land lines. W 152-154
Land lines. See Public-land lines. third-order, adjustment of .. ...._______ 156-160
Land Office. See General Land Office. limits of errorin.....______.___ 130-131, 142
Landowner, permission of, for setting a bench with prism level and yard rods, one-
120 wire method of observation
i 96 ¥ U 145-146
See also Public-land corners. personnel and supplies for..._._. 142
Latitude and longitude of traverse stations, recording of notesin...._______ 143-146
computation of ___________.___ 114-115 three-wire method of observation
Latitude and longitude scale, plate showing. 178 o+ S 142-145.

USe Of o e 178 -

See also Scales.
Latitudes and departures, computation of . 113-114

Least-square adjustment_ _ __ . _....___._ 71-78
Leave of absence, request for_. . ... ... 21
Legibility in mapping, general statement re-
garding. .. 188
reproduction and, relation between.__._. 189,
277-278
standards for- ... . ... 188-191, 278
Lenses, photographic, back focus of ... 387
photographic, focal length and arrange-
mentof ______ . 381-382
equivalent focal length of . _______.__ 387
Lettering, engraved, position of ___._____._____ 329
engraved, style of ... ... 332-333
general instructions for._.._....___ 273, 304-308,
329, 332-333, 334, 348-351, 352-353, 365-366
hand, instructions for ... ____..__. 304~-305,
350-351, 353, 365-366
position of__ .. .o . 305, 329, 365-366
styleof ... 304, 351, 353, 365-366
marginal, instructions for oo . 305-308,
348-350, 352-353

Levees, inking of . oo 287
mapping of - . iiaan 234

with wye level and target rod, adjust-
ment and care of instruments

o P 137-140
causes of errorin ... _____ 137
length of sightsin. ... . __._ 132-133

marking of turning points
ino ... 133-134, 150
measurement of distances in__._. 133
personnel and supplies for..._.... 131
reading of target rod in._._.._.__ 132
recording of notesin___._.__... 134-136

See also Control.

Leveling rod, plate showing._ ... ...._ 128
testing and care of__..___ . 129-130, 133
Levelman, responsibility of_. - 117,128-130

Life-saving stations, mapping of. ———- 235
Lighthouses, inking of .....___.__ .. 288
mapping of . - C 235
Location and mineral monuments, inking of. 289
mapping of o imcemans 240
Location crosses, inking of ... ___.....__ 290
Locks, canal. See Canals and locks.
M

Magazine section of multiple-lens camera,
mechanism and attachment of. 382-383

Magnetic declination. See Declination.

Map borders, extension of, into unmapped

ATEAS - o oo ccemccmmmmmm—m—mman 227
field instructions on_ - ... ___ 227-228
horizonta) datums of .- ccmaoooaaal 228
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Page Page
Map borders, joining of, preliminary office Mines and quarries, inking of__.___.____._._ 288

preparation for_._.________________ 178 mapping of - eeeaas 25
joining of, to previous work_.__._______ 227-228 | Mining maps, special scale, symbols for__.... 235
office instructions on_._________ 302-303,324,342 | Mississippi River Commission, use of data
See also Border corrections. [100) ++ I, 178

Map compilation, collection of data for_.._._ 363 | Monthlyreports. See Reports.
control for Monuments, boundary, inkingof . ___________ 288
7 definition of -. 362-363 boundary, mappingof______.__ 237
inking and lettering of ... -. 365-366 location and mineral, inking of 289
, instruetions for_ ... __._.__..___._. 362-366 mapping of .- oo 240
reduction, adjustment, and transferring See also Boundaries.

Of et 364-365 | Mosaics, aerial photographic, construction
reproduction of ... 366 and value of . ... 417419
selection of scale and projection for____.. 363 N
See also General maps.

Map information office, use of files of .__..__. 178 | Names, authority for._____.____.__ 226, 326-327, 328

Y Mapping, data from other surveys for 178-179 field oversheets for_ ... _______ 226
of cultural features. See Cultural features. Geographic Board’s function in 226,

of drainage features. See Drainage fea- 326-327, 328

tures. list of features to beshown by..____ 226-227, 325
of relief features. See Relief features. marginal, to be added to name tracing.... 227
on aerial photographic base. See Aerial new, procedure regarding. .. ___.... 226, 326-327

photographic base. quadrangle. See Quadrangles.
standard scales used in, list and distri- See also Lettering.

bution of 161-162,165 | National forests, boundaries, inking, mapping,
topographic, control for__.__._____._____. 195-196 and maps of . ... 178, 236, 288, 327

control for. See also Control. National monuments, boundaries, inking,
funds expended for-......__.....__.. 36 mapping, and mapsof__.__._.___. 178,
instruments used in___._._ S, 196-197 236, 288, 327
See also Instruments. National parks, boundaries, inking, mapping,
methods used in_.______.__.______. 195-205 and maps of...____.__._ 178, 236, 288, 327
See also Plane-table traverse. National Park Service, use of data from. 178, 327, 344
Maps, compilation of, from aerial photo- Neatness, legibility through____..____________ 191
graphs, choice of method_ ... 402403 | North American datum. See Datum.
compilation of, from aerial photographs, Notes, leveling, method of keeping_ ___.._. 134-136,
radial-line method......_...___ 409-416 143-146
from aerial photographs, sample of.. 402 theodolite readings .. .o owceemeooomoa o 62-63
section-line method........___. 406-409 transit traverse, method of keeping ___ 110-111
, straight-line method........._. 403406 | Notes and records, making and forwarding of.  124-
control of, for aerial photographs._.._._. 4748, 125
89,394-395. | Notesand notebooks, use of. .........__ 200, 209, 216
See also Control.
USBS Of o oo o e iceieoo 28-29 0
Marginal lettering. See Lettering.
Marks, for transit-traverse lines, material Oblique photographs, definitionof . _______._. 390
and sites for- . ........__....____. Office of Indian Affairs, use of data from______ 178
I reference, establishing of____ Office reports. See Reports.
Marsh, fresh and salt, no distinction between. 242 | Office season, remindersatendof ... ________ 179
in general, inking of - ... _____.__ 291 | Office work, on topographic maps, miscella-
mapping of_..__.._. 242 neous procedure in_...__ . 214217
submerged, inking of. _. 291 summary of routine procedurein______. 272-274
mapping of . .. ... 242 See also Cultural features, Drainage fea-
291 tures, Inking, Relief features, and
mapping of 243 other particular headings.
Methods, topographic. See Mapping, topo- Omissions in mapping, causes of . .. _.___._. 185-186
g.rapl:u'c. X Optics, photographic, need for knowledge of 385-386
Micrometer eyepiece, use Of oo oooeoeoeo. 210 | Organization, office and field ... ... 7-9
Micrometer thgodohte, adjustment of....... 57-58 Orientation, Baldwin solar chart method of. 219-225
plate showing..__.______. - .- 52 compass use in 197, 205
Military information, collection of.._.__....__ 56 | T T TTTTTmTT o !
Military reservations, boundaries, Inking, process f’f- - mmeeeeees 196-197, 199, 202, 202-205
mapping, and maps of. 178, 236, 288, 328 uséofalidaderulerin. ................... 194
Millionth-scale map of the world. See Inter- See also Plane-table triangulation.
national map of the world. Orthometric correction, formula for finding. 155-156
\ Mine dumps, inking of. ... . ............ 287 | Outside data, map creditfor._______________ 307, 344
mMAapPing of e ool 234 | Overedge topography, inking of ... 280
Mineral monuments. See Location and mapping of.____..____.___.______ . 208,227
mineral monuments. Oversheets, separationofdataon............. 228

58515°—28——28
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P Page Page
- Power-transmission lines, inking of..._...... 287
Packlng and shipping, instructions for. ... 103 mapping of R € o34
Pasting, attaching the patch in ;238 reference to chief hydraulic engineer for
preparing a patch for..___ N 283 ) approval 398
Peeling mounted paper, method of . ___ 283 pretace..... v
Peg method, test and adjustment f; 0}‘;::1? 46-1dg | Ereserves. See Bird preserves , and Game
- reserves. B
Penciling, field, leglblhty of. e 190, 230, 249—250 - D : .
1 b 3 249 Press, mformatlon 0 el 28
grades of pencils t(I)]t le used in. r" 7T gy | [PrORYess book, fleld mapping, dBSCtlDtlou of. 275
Pens, drafting and f'g s’:le' use Of.-oveoeon - inspection and editing, description'of.... 276
Perennial streams. t:S“ frea’ms" , 7.g | Prolections, Albers; use of-......_...._. L.l 362
Personnel, classification of.. ... fog | " comstruction ofe.o.o.._..__. 166-177, 198, 363
_ field-party . - Bumstead plate for, plate showmg--. . 178
Photographic base, aeriat. 'See Aerial photo' . VS O e 175-176
graphic base and Aerial photo- " Coastand Geodetic Surveymethod_ 167-170
graphs. . Geological Survey. method... ... 170-175
Photography development of, m map con-. . convergence of meridians in. 176-177
struction: - 379 figures for, inking of 305
aerial.. - See Aerial photography‘ form and lines for, plate showmg part of.. 282
Physiography, contouring aid from ___...... 254 Lambert, use of._______.._____ 360-361
Piers, inking of. .. 287-288 lines representing, inking of_._ rew, 280
mapping of - iiieceeeeo- 235 marginal statement regarding_..__.___... 307
Pipe linés, water and .oil, inking of_ L. 287 nature and kinds of 162-164

water and oil, mapping of - - ___._l__._.__ :
Plane, image, situation of___.___..: :
object, situation of..
Plane-table, boards for,.sizes of . . __._______
description and use of . .. _.._Z.__..1 196-197
‘paper used on il .- 166, 198, 206
metal mounts for, use of__ 198

use of celluloid for______ 206
plate showing y .- 194
rods and tripods used w1th plates show- "’

82 7 S 194
types of_._

See also Alidade an Instruments :
Plane-table traverse, ad)ustment of____ 212-214, 273
general methods of_______. _ 205-206
instructions for__.._
showing closures in : . 206
See also Foot traverse, Stadia traverse,
Tape traverse; and Wheel trav-

erse.
Plane-table triangulation, Bessel’s method
reference t0. ... ... 204
choice of stations for______._______.______ 199
control of aerial photographs by. . .395
definitionof . ___ ____________ - 197
instructions-for - 197-205
intersected points, stations at__ - 201
notes for ... - 200
preparation for__.____________.___..____. © 108
projection for___.________:
" plotting of points on...
resection, location by__.
*signals for 199
station work of . ____________._..... 197, 199, 200
+ v suggestions for_.________ . . ..o__........ 200
. three-point method, location by_ 202-205
" . tracing-paper solution, location by__.___. 205
transfer or farther use of 198

Planes, focal, situation of ________ [T -

Plotting. See Control and Scales. o

Points, nodal, situation and properties of.. 386-387
principal, on focal planes, situation of.. 381, 386

Polyconic projection. ' See Projections.

Post-route maps, use of __._.___. - 179, 180, 324, 326

Posts, .concrete, making and setting of ... 94-95, 121

plotting horizontal control on___ 177-178

. polyconic,advantagesandlimitationsof- 163-164
construction of . - .. ... 163-164

" modified form of, use of .. 360-361

use of ... .- . 163, 167,170,175
rectangular grid on._..._ ' = 298-301
Promotions, basis of ... ..______ 8

Proof reading, of engraved maps, mstmctxons

“for__ --. 274,337-339, 359
of field sheéts. See Checking.

Property, abandonment of. 14
certificate of users.of..._ 20
lossof. ... ——m 14
private, entry on______ - 28
purchase, care, and storage of_ 12-14, 16, 18
requisitions for 16, 3645

returnof___________ . : 14
transfer or sale of _._ . )
Prospects, mineral, inking and mapping of.- 235
Protection of field sheets. 198-199, 228
Public, relations to: ... .. 27-28

Public-land corners, 1nk1ng o] S— - 289
obtaining preliminary data for_. e 179
search for . = 239, 268-269

Public-land lines, adjustment. of ___. 239, 376~378
inkingof . _.____._____ - 289,348, 352
mapping of 238 239, 268-269
new, addition to reprmts of.. Ceen 343

. obtalmng prelxmmary data for.. ———— 179
" plats disagreeing with topography, mar-

. ginal note, for .. 239,307-308

use of oversheet tracing for- — 239

Public-land surveys, meander lines of . ____ 372-373

outline.of plan and practices of .___._.__ 368-376

* ~ principal meridians and.base lines of._.__ - 369

section and. township corner markings of. 373-

. 376

sectlon hnes of .......... A P 371-372
standard parallels and gulde mendlans .

<] S 369-370

table of latitudinal closmg dlstances of... 371
townshxp extermrs of .- .- 370-371

368

See also General Land Office.
Publications, classes’ of ............... SR 8
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Page ) Page
Q Resection, plane-table location by........ 201-202-
Quadrangles, names for, authority for.... 275-276, Res?;:;ﬁ;;? D Of- - oooee e
for. final selecti 303-304 Responsibility of levelman_ _.__.____.__.
_hames for, selection of . . —oooooooe - 303 | Revision, resurveys, and new surveys, differ-
letters for changes in........._______. 304 ences between 262
) provi1§;onal designation of. I;‘O:’: topographic map, aerial photograplnc,
DALUIe Of - - -oooooocoo oo 61 - .. methods of- - ._._..o__.lo.... 264-266
partly mapped, explanatory note for___ 333-334 cultu.ral field work of 262-264
Quadripods, triangulation, construction of. .. 51-52 . inKing Of-nm oo 301302
Quarries, inking of - - 28 definition of I e
B30 T 0 25 field work of - oo oo 262-266
R ’ ) inking of ... oooiioieeeios 301-302
: ‘office preparation for__ ___._________ 179-180
Railroads contourmg cuts and fillson_...... 251 road classification for._________.__ 264, 302
crossings of, inking of_.__.__. : 286 woodland outlines for. ‘264
mapping of. ‘22 | River banks, inkKing oOf--- . o—ceececueoee 292
curve and tangent, alinement of_ - 232 MAaPDING Of - - o o et 243
grades and. contour crossings on, table ot’- 251 River-survey maps, checking of. 353-354
inking of - ... ... 282, 285-286, 324-325 . editing of. . . 354-355
mapping of. - 206, 232, 250-251 inking.of ... ..... - 345-353
‘plane-table traverses.of. ... 206 .dam-site maps.of- - - o._o.____.__.. 351-353
station buildings on, mkmg of ..t ... 1286 field.sheets Of - - - - oo ooeae - 345-346, 352
mapping of inspection of-.._...-. 354
traversing of._. key map for
valuation, surveys. of, use of almement Jettering for- -« oooee Lz 348-35L 352-353
: mapsof ... 179 - plan sheets of - ooooooooooo. 347,353-354
Range rod, plate showing plotting mileage on 346, 347
on.. .- 346,
Rations, lists of. . profile sheets of __... - 348,35
Reciprocal angles. . . See Vertical angles reproduction of ‘. 345,351
Recording cone, description of -size of published sheets of..._.......... "346
Records, field, care of .o ooooooiooniiiliin 20721 | o 1o Tyermcite mans amd River S .
Dam- .
Rectangalar grid, definition of. o See alero‘7e ;Sm site maps and River sur
Dlotting of, by whom..__... -~ 7299 | River surveys, control fOr— oo ooocemimoeo.. 1269
instructions for._...___ wewsoo2 2994301 field work of. :
nap-corner distances for. in regular mapping, demnptlon Of oo 267
land lines in. ... ccooooecamemaaanll 268-269

- zone for, marginal statement of _.._____ 307.
Red.ink, useof_.__.____.:. 235, 279, 287, 288, 289, 345 .
Reference marks 51,121
Relief features, inking of.

mapping of. 245-255
‘See also Contouring, Contour lines, and

particular features.
Relief maps. See Shaded relief maps. .
Repairs., See Instruments.
Reports, annual, chief topographic engineer-

_ to director, preparation of . _..___ 277
annusl, of section of inspection and edit-
ing to editor of texts.........__- 277 -

monthly, of chief topographic engineer to

. office, submission of
Reprints, distinction from new editions.....
" topographic map, correction files for__..
editing for ..o oicccaeceaaooo 341—345

See also Editing.. -~ - ’
general features of .

Reproduction, advance sheets by photo-

lithography, - transmission and

proof reading. ... _.._...____.... 317
engraving pragess of . ________...... --- 336,337
topographic map, plate showing part of.. 282"

See also Engraving.

-reservoir and dam sites on
.. special, description of_.
topography in._.....
written reports of.
See also, Dam-site maps and: Rlver-sur-
' vey maps.
Road classification,. edxtmg of prmtmg copy

mapping of.
revision copy for.

tracings of, office preparation of- 309
transmission of .. = .. _____ 319
Boads field penciling of- 230

good and poor motor, deﬁmtlon of.___. 229-230

’ inking Of----.‘;._;.-.-....-.-.---,_ 282, 284-285
mapping of.co oo ccmeas 229-230
public and private, definition of. . 230
revision of classification of__- . 264

Rock cairns, ¢onstruction of .2 _ ... 51
Rod, level. See Level rod.
range. Sée Range rod.
stadia. See Stadia rod.
yard. See Yard rod.
Rope, brmded plate shOng . 194
braided, traverse use of____. 197
Rubber cement, use of.. 283
Rural-delivery maps, field use of__._________ 179
A s . )
Sand, inking of . ... - 292
mapPing Of o mecccceee 255
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Page

Scales, bar, on map margins, kinds of.__._. 306,
323, 349, 350, 353

choice of, for photographic mapping... 399-400
latitude and longitude, plate showing.. 178

use of e 178

metal plotting, projection use of, by
Coast and Geodetic Survey...... 170
plotting, plate showing__ . .. ... 178
use of o ccmees 196, 206

relation of, to contour intervals____._..... 165

standard map, list and distribution of_ 161-162
Schoolhouses, inking of ... _____._____

mapping of . __.__-..__

Service, daily reportsof_ . ___ .. ___..._.

Shaded relief maps, description of__
published and in preparation_.._.........
section of, work by oooao 366-368

Shore lines, aerial photographs showing, cor-

rection of. . _ o 255,

in general, inking of. . ________.____..__.. 291
island, inking of .___ 292
mapping of . .o oo 243

river, inking of .. . ... 291-292
mapping of... 243

tidal, inking of .. . ooo.. 201
mapping of . - oo 242
Shutter for aerial camera, kind preferred. 397
Slope, method of using tape on._.._.._..._.... 98
Smelters, inking of oo oo 288
mapping of e ciiaieeaa 235

Solar chart. See Baldwin solar chart.
Speed in mapping, advance planning for._... 187

cooperative effort effecting.._......._ .. 187
...................... 188
................ 186
.......... 187
186-188
Spherical excess, computation of__.____. eeeon 70-71
Springs, inking of ... _...._.__ 204
mapping of. A5
Stadia arc, Beaman, use of ... . .......__ 207-210
Stadia distances, substitution of, for tape-line
INEASULES. < cececccccmmmmccmmmmeem 100
Stadia rod, description of_..____ .. _..._..._ 197
plates showing. ..o 91, 194
Stadia traverse, Anderson and Johnson
tables for, use of ... 207
elevations by ool 207
instructions for_...._ —e-- 207-210
instruments used in —e-- 210-211
use of stadia arein_.. ... _._....___ 207-210
See also Alidade and Plane-table traverse.
Stadia wires, collimation part of adjustment
(o G MR £
intercept for. oo 197, 211
mounting of . . ... 192,193
Stamping of bench marks_...._....._...____ 122-123
Standards for field work, accuracy factor
b+ TS 181-186
legibility factor in. 188-191
speed factorin._ ... . .. ... 186-188
Standards of micrometer theodolite, adjust-
ment of _._ ... 56-57
Standard symbols, Geological Survey use
[ I 280-281
misuse of_.._ 316

plates showing._ ... .. oe__.. 282

Page
State officials, relations to_.___..........__.__ 27
States, boundaries of, inking of . ._.._._ 288, 325-326
boundaries of, legal status of.._..______ 325-326
mapping of .- cccee oo 236, 325-326
monuments on.... 237, 288

See also Boundaries.
cooperation by. .o oo _ 7
maps of, character of__._.____.__.__ 357, 360-361

compilation of.
editing of _____

projections for ... _.__ 360, 361

parks and reservations of, data for._.___. 328
Stationery, requisitions for____.__.._._.__.___ 3642
Stations, centering of signals over..__..______. 52
reduction to center. .. . ...__.___... 66-67
unoccupied, adjusting lines to. — 82

Steamboat routes, inking of____. .. 287

mappingof ..._._._._.. . 233
Stereoscopes, types and uses of . - 384-385
Stock, pasturing of ... _...... ... 16-17

rations for___________ - 16
Stock lists, routine use of ... _____.__._______. 341

See also Reprints.

Storage of property, rules for...._......

Streams, contour control afforded by.
disappearing, inking of

mapping of____._.._.
double-lined, inking of.
mapping of_.______.
intermittent, inking of ._.____ .. .. __... 293
mapping of. .o oo cimmaaas 244
perennial, inking of_. . 292-293
/ mapping of . ._.__.._. — 244
photographic mapping of .. _.__._._..... 396
See also Drainage.
Streets, city, inking of .. _..c_.._.. 284-285
city. See also Blocks. :
Striding level, adjustment of .__.____.____. .. 56
Strip mosaic, production of ... - 403-405
Submerged contours, inking of_______._.___. 291, 306
Subsistence, rules for_ ... oo _____._ 15
Summits, elevations of. . ... ... .. ___ 123
Suspension mechanism for camera, features
Of oo emen 384
Symbols. See Standard symbols.
T
Tangent screw, care inuse of. ... ....... 207
Tangents, data for plotting..__._ ... __.__ 101
Tanks. See Wells.
Tape, ‘‘breaking’’ of, on slopes......._...... 98
linen. See Rope.
testing of L . eioiiooa-
Tape men, duties of
Tape traverse, adjustment of . ______._...__.__ 212

Taping, causes of errors in

Target rod, reading of - ... oL

Telescopic alidade. See Alidade.

Temperature, effect of changes on steel tape. 99
record Of ... ecccccaccene 100

Temple Act to provide for greater progress.. 4

Theodolite, micrometer, adjustment of.... 56-59

transit, adjustment of . ______...._. 59-60, 92-93
Three-point method, plane-table locations
........ 202-205

w
Tidal shore lines. See Shore lines.




’I‘opographxc authorshlp See Authorshlp
Topographic branch of the Geological Survey,

organizationof . __.____________.__ . -8
Topographic expression. See Contouring.
Topographic maps, approval for pnntmg of. 340

. definitionof. _____. ... ... 161
features shownon. . ... _____ 164
reproduction of, plate showing 282
sizes of editions of . _ .. _.__________._. 339

standards for field work of making____. 181-191
See also Checking, Control, Editing,
Engraving, Inking, Inspection,
Projections, Reproduction, Re-
prints, and Revision.
Towers, observing, construction of___.____.._
Township and range numbers, inking of_
Township diagram, marginal use of ..._...___
Trails, inking of . ...
mapping of..._.____
Tramways, inking of.
mapping of . - oo
Transferring, celluloid method of
tracing method of . . ___________________
Transformer, construction of .

plate showing . o __
Transit traverse, accuracy required in..____. 96-97
computing of azimuth for._.____... 101, 112-113
apparatus used in, plate showing. . - 90
computations for. . ... ..o 112-116
control of aerial photographs by....... 394-395
detection of errors in__........__..._._. 115-116
field record to bemade.__._____..._____ 110-112

highway surveys may be substituted for.. 97
Jocation of line of .. oo o ooeaos
marks for, plate showing
method of observing and recording___. 100-112
methods of field work
supplies for__. o eio.
Transit-traverse lines, additional points on.. 95

mappPing of - e eeaaas 240
Transmission lines. See Power-transmission
lines.
Travel, suthorization for_ ... ... 9
Traverse. See Foot traverse, Plane-table
traverse, Stadia traverse, Tape
traverse, Transit traverse, and
‘Wheel traverse.
Triangles, tabulation of ... ___...__._.__ 69-70
Triangulation, amount of control required
() SO,

computation of results of.
figures composed of triangles used in-..._ 49-50
least-square adjustment of . ...._..._.__.. 71-82
making of field record in...
marks for, plate showing_ ... _.._..___
observing in, method of . _ .. _._.__._.____ 60-61
preparation for..ceecciccccvcmemaan -« 60

431
Page
Triangulation, observing in, time for......_. 60
observing tower and signals for, plate
showing
outfit for_ .
secondary points for, importance of ._.__. 50
stations for, consent of owner to establish_ 50
marking of . .l ... 50-51
selection of__ . _____ . ________... 49
signals on § 51
Triangulation, plane-table. See Plane-table
triangulation.
Triangulation plot, making and use of _______ 64
Triangulation points, culture adjacent to,
mapping of o _.._ 241
inking of . _ - .. 289-290, 320
mapping of .. ceimaeaea 240
Tripods, plane-table, plates showing. .. 194
plane-table, typesof ... - 197
triangulation, construction of_. -l 5152
Trunk lines, for leveling, running of .. ____. 150-151
for transit traverse, accuracy required in. 112
Tunnels, inking of ..o 287
234
Turning points, marking of.__________. 133-134, 150
Typhoid fever, prevention of . _..__._._.._____ 12
U
Under-water contours, inking of .. .._...__ 201
United States maps, character of. - 358
compilingof ..o 361-362
editing of ..o 358-359
present series of. -- 361
projections for_ ... 362
proposed series of ... o ocoocoeoooo 362
Useful elevations. See Elevations.
v
Vernier, adjustable, useof ._._____..__.__. 194-195
effect of tangent screw on reading of.._.. 207
Vernier transit, plate showing.._.._....._.. 91
Vernier transit-theodolite, plate showing_._._ 52
Vertical angles, bench marks based on. See
Bench marks.
plane-table traverse elevations by means
Of - e e -- 196, 207
reading of . . ...
reciprocal use of
station elevations by means of _______.__ 200
See also Vernier.
Vertical control. See Control. .
Vertical photographs, correction of displace-
mentsin. .. ..o 390-394
definition of oo iael 390
Viaducts. See Bridges.

Visitors to camp, entertainment of_.._..__._. 17
Vouchers, rules for. ... ... . _cooeoooo. ee 22-26
w
‘War Department, special mapping for......
Watch, regulation of .. . ioooo.eo
Water colors, mixing of ... _________.__

Water surfaces, elevations of, to be dated.
‘Weighting of observations____.
Wells, oil and gas, inKing of.eecceeceemacnan
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‘Wharves, inking.of
mapping of_.
‘Wheel traverse, distances:by..

‘Wilson, Herbert M., reference to:

Wires, cross, mounting.of.__.
Woodland,.definition of.
outlines-of, fleld sheets o
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Woodland, outlines of, reprinting of

' tracings of,-checking and approval of._
* office preparation of-- .

* See also Land classification. -

Yard rod, graduation of
. plate-showing.._.._..

submission of._.
. transmission and filing of._
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